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PHOSPHORUS NEEDS OF 
BEEFCAlTLE 
Phosphorus is consid.ered the mineral nutrient most often deficient in beef 
cattle. The deficiency has been claimed to 
be widespread. Programs of supplement-
ing phosphorus to livestock in excess of 
recommended levels, e.g., National 
Research Council (NRC), have been 
advocated. Some people claim increased 
fertility, promotion of growth, and improved 
general herd health if animals are sup-
plemented with phosphorus. Others report 
reduced fertility, decreased growth, and 
impaired health with deficiencies of phos-
phorus. Some researchers report no 
benefit from supplementation. This 
research was undertaken at Utah State 
University (USU) to determine levels of 
phosphorus needed for normal reproduc-
tion and growth, and to describe symp-
toms and lesions of phosphorus defi-
ciency in beef cattle. 
Experimental Procedures 
Hereford heifers were individually fed two 
times a day from weaning (200 days of 
age) through their 8th gestation with die-
tary phosphorus (P) levels being the only 
treatment variable. All animals received 
the same basal feed with free access to a 
phosphorus-free mixture of salt, trace 
minerals, and vitamins. The basal diet 
consisted of various combinations of pel-
leted or chopped alfalfa, wheat straw, 
grass hay, pelleted sugar beet pulp, and 
beet molasses. The lowest level of dietary 
phosphorus in any time period was from 
the natural feed sources. The higher 
phosphorus (P) levels were obtained by 
adding monosodium phosphate (MSP). 
From the first through the fourth gestation, 
the 24 low (L) P cows received 6 to 13 
grams P per day and the 24 high (H) P 
cows received 21 to 40 grams P per day 
(Figure 1). The total phosphorus intake 
was increased as the heifers grew. Feed 
intake (Figure 2), body weights (Figure 3), 
and pregnancy rate (Figure 4) were not 
different between treatments during these 
four gestations. At the end of 4 gestations, 
42 cows remained on the project (6 
deaths were unrelated to treatment) and 
112 of (H) cows and 112 of (L) cows were 
put on a very low < (HI or U) > diet, with 
basal feed providing less than 7 g P / day 
(Figure 1). The cows on the high P level 
received approximately 35 g P / day and 
cows on the low P level received approx-
imately 9 g P / day (Figure 1 ). 
Results and Discussion 
Most of the cows that received less than 
7 g PI day for a year or more developed 
an abnormal complex syndrome. The clin-
ical signs and lesions included general 
unthriftiness, body weight loss, reduced 
feed consumption, lameness, abnormal 
stance, impaired reproductive perform-
ance, recumbency, and finally emaciation 
and death (3 of 21 died) (Figures 2, 3, 4, 5, 
and 6) . There was no apparent difference 
in clinical response between the cows 
shifted from (H) P to (HI) P when com-
pared to those shifted from (L) P to (U) P. 
The cows receiving approximately 9 or 
35 g per day during the same period did 
not develop adverse clinical signs. 
The feeding of less than 7 g PI day 
began in November, 1977 (Figure 1 ). All 
cows on this level calved normally in April, 
1978, and were rebred in July and August 
of 1978. An apparently normal calving in 
April , 1979, was followed by failure to 
rebreed (19 of 21 cows) in July and 
August, 1979 (Figure 4). During the period 
between November, 1977, to November, 
1979, the cows on high and low P had no 
significant difference in calving perfor-
mance (Figure 4). 
During November, 1979, the P levels 
were readjusted. The high P level was 
reduced from the approximate 35 g per 
day to 19 g per day (approximate NRC 
recommended level). The low P level was 
raised to approximately 12 gl day. The 
animals on the very low P levels were 
returned to their respective high and Jow 
groups (Figure 1 ). 
After a month on the higher levels of 
phosphorus, the stressed animals had 
regained much of their voluntary feed 
consumption, and were clinically more 
normal in appearance. After approxi-
mately two months of recovery (February, 
1980), bulls were introduced to these pre-
viously stressed cows and they bred suc-
cessfully within two breeding cycles (42 
days) (Figure 4). 
Blood phosphorus levels tended to be 
depressed in the very low < (HI and U) > 
cows. 
After 14 to 24 months on the less than 
7 g P / day feeding, several animals on 
each treatment (HI) and (U) were necrop-
sied for morphological and analytical eva-
luation. Severe bone changes occurred in 
the (HI) and (U) P cows (Figure 5). The 
low (L) P cows, receiving approximately 9 
grams per day for 14 to 24 months, did 
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FIGURE 2. 
Body weights were not 
affected until after 
severe stress (very low 
Pl. The weights 
returned to normal 
after refeeding began 
in late 1979. 
FIGURE 3. 
After approximately a 
year, the lowest P 
resulted in depressed 
feed intake resulting in 
total nutrient 
deficiency. 
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FIGURE 1. Phosphorus in glday fed with no 
variation for gestation, lactation maintenance. 
Note the extra stress period Nov. 1977 to Nov. 
1979- the same time scale is on Figures 1, 2, 
3, and 4. 
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FIGURE 4. Reproduction was seriously 
impaired after the HI or LI diets (less than 7 g 
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months. 
FIGURE 5. The bone depltJtion Is serious on 
the extended feeding of very low phosphorus. 
have subtle bone changes, although 
reproduction was not impaired. The 
degree of bone changes was related to 
the level of phosphorus intake and time on 
very low (HI) and (LI) P. Bone changes 
preceded detectable clinical signs. These 
changes included various degrees of 
osteoporosis (loss of bone mass). Some 
severely affected animals had spontan-
eous or secondary fractures. Some of the 
fractures showed various degrees of 
poorly mineralized healing formations. 
Bone became thinner, more porous, and 
walls became thinner (Figure 5). 
The syndrome associated with phos-
phorus deficiency in beef cattle on this 
experiment developed in an insidious 
manner, with an overlapping of signs and 
lesions among groups. One of the primary 
signs of P deficiency was reduced feed 
consumption, which compounded the 
problem with secondary responses (Fig-
ures 6 and 7). 
Cows adapt to a very wide range of 
phosphorus intake ranging from natural 
feed sources to heavy supplementation 
with MSP and to a very low phosphorus 
intake for an extended length of time. 
Phosphorus-depleted beef cows 
responded quickly to higher levels of 
phosphorus, and regained their reproduc-
tive ability and apparent good health. 
The question is not whether a cow 
needs phosphorus, but how much? The 
levels for a 1,000 pound cow range from 
12 g P per day for early gestation to 27 g 
for average milking ability (lactation). This 
would average to 17.5 g/day over the 
year. This research indicated that the 
FIGURE 6. Some emaciated cows produced 
apparently normal calves. 
range of intake with time may be logical, 
but not necessary, since the bone is effec-
tive as a phosphorus reservoir or buffer. 
A comparison of recommended dietary 
phosphorus level and the levels fed are 
illustrated in Table 1. It should be noted 
that the recommended level is a weighted 
average of phosphorus recommended at 
various levels throughout the year and this 
experiment had animals fed at a relatively 
constant daily level during the time peri-
ods indicated in Figure 1. 
With this data it has been demonstrated 
that: 
1. Mature producing cows may maintain 
normal (high) reproductive perform-
ance on 50 to 70 percent of the com-
monly recommended levels of dietary 
phosphorus, if other nutrients are main-
tained at adequate levels. 
2. The 40 percent level (7 g/day for 1,000 
lb. cow) for 14 to 24 months will result 
in loss of bone mass, emaciation, 
rough hair coat and an abnormal clini-
cal appearance of high withers. Loss of 
body weight and voluntary reduction of 
feed intake lead to a complicated nutri-
ent deficiency with final result of repro-
ductive failure and, in some cases, 
death (3 of 21 died). Dramatic 
improvements, however, were 
observed by increasing phosphorus in 
the diets of these cows. The clinical 
appearance improved within days, the 
voluntary feed intake increased within 
a month and rebreeding was success-
ful within two to three months after 
increasing the 7 g P / day to 12 or 
17.5 g P / day. 
Cost Factor 
Phosphorus feeding beyond the needs of 
the animal does have a cost. One of the 
cheaper common dietary supplements for 
phosphorus costs $19.50 per hundred 
pounds with 18 percent phosphorus. This 
results in one (1) gram of phosphorus per 
cow per day per year being worth $.85. If 
the recommendation is 17.5 grams per 
day and 12 grams per day is adequate, 
then 17.5 minus 12 equals 5.5 grams per 
day potentially in excess of production 
needs. This would be 5.5 times $.85, or 
$4.68 per cow per year. This example will 
vary with different conditions, but it would 
be a potentially costly "safety factor. II The 
most costly condition would occur when 
cows receive the commonly recom-
mended levels of dietary phosphorus from 
natural sources and have supplemental 
phosphorus added. 
This research indicates that a high level 
of phosphorus would not be detrimental, 
just costly. 
Another way to approach the cost is to 
use phosphorus as a soil amendment, 
which is commonly done. If the soil phos-
phorus fertilization results in increased 
crop yields, as is expected, especially for 
legume crops on land that has low soil 
phosphorus, the increased crop yield may 
pay for the phosphorus fertilization and 
the animals have the benefits of more 
crop production and higher concentration 
of phosphorus in the forage. The cattle on 
FIGURE 7. The/ow phosphorus, 9 g/day, did 
not cause emaciation. 
this experiment were efficient in using the 
phosphorus from the forage sources. This 
chain supplementation of phosphorus to 
the soil , the plant, and eventually the 
animal is a well -established procedure. 
TABLE 1. Approximate recommendations of 
phosphorus Intake, for 1000 lb. 
beef cows as compared to the USU 
experiment. 
Level fed % of 
Recommended on experiment Recommended 
g/day g/day % 
17.5 35 (high to 1979) 200 
17.5 12 (lOW 69 
17.5 9 (lOW 1977-79) 51 
17.5 7 (very low 1977-79) 40 
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REGIONAL PRICE DIFFERENCES 1978-1983 
FIGURE 1. Mean price difference. belween Utah lat 
cattle pricel and other regional markets by month. 
1978-83. 
FIGURE 2. Seuonal variation in Utah fal callie 
price • • 1978· 83. 
3 ~------------------------~ 1 10 ~----------------------------, 
LEGEND 
2 __ - Utah/ Texas _____ _____ __ _ 
- - Utah / COlorado 
••••• Utah / Omaha 
-1 
-2 
9 10 11 12 9 10 11 12 
MONTH MONTH 
FIGURE 3. S ... onal variation In Colorado lat cattl. 
prlcel. 1978· 83. 
FIGURE 4. Sealonal vlriatlon in Texallat cattle 
price • • 1978·83. 
110 ~------------------------~ 110 ~--------------------------' 
095 - ---------------------- 095 
10 11 12 
MONTH 
3 7 
MONTH 
9 10 11 12 
D. BAILEY and B. W. BRORSEN 
Producers and researchers are concerned that Utah cattle prices are 
lower than other areas of the country 
(Snyder. 1983). There is also an increased 
interest in market information in Utah as 
evidenced by the new state-wide market 
information system developed by the 
State Department of Agriculture and 
Extension Service. Identifying the price 
relationships between Utah and other 
regional markets should be useful to both 
producers and buyers of Utah fat cattle. 
Equilibrium prices for different locations 
are determined by supply and demand 
conditions. The process of reaching an 
equilibrium is termed price discovery. 
Arbitration processes force prices to an 
equilibrium across space. In the case of 
regional prices, the arbitration takes the 
form of transportation activities. If these 
activities are performed effic iently. then 
the price difference between two locations 
will be less than or equal to the transporta-
tion costs. 
1 00 UTAH SCIENCE 
This article investigates price relat ion-
ships between Utah and other regional 
markets. First, price differentials and their 
seasonal variations among four markets 
are compared. Second, Utah price differ-
entials relative to other regions are com-
pared to transportation costs to determine 
if short-run disequilibriums do exist. 
Structure of Utah's Beef Packing 
Industry 
In 1982, approximately 220,900 head of 
cattle (excluding calves) were slaughtered 
in federally inspected and other slaughter 
plants in Utah (Utah State Department of 
Agriculture). Of this number, approxi-
mately 207,240 head were slaughtered in 
the four largest packing plants in the 
State. This yields a four-firm concentration 
ratio (CR4) of about 94 percent. Idaho's 
CR4 for cattle slaughtered in federally 
inspected plants was approximately 77 
percent. Virtually all of this activity 
occurred in the Southern Idaho area 
(Rutts,. 1983). 
Since packers in Utah and Southern 
Idaho compete to buy fat cattle, the rele-
vant market area for Utah stretches the 
length of Utah, reaches into about the 
Boise area of Idaho, and then across 
Idaho to Idaho Falls (Andersen et aI. , 
1983). The packer CR4 for all cattle 
slaughtered in this market area in 1982 
was 73 percent. 
If only fat cattle slaughter numbers are 
considered, the concentration ratios 
increase considerably. The four-firm con-
centration ratios for-commercial-
slaughter, fat cattle in Utah and Idaho dur-
ing 1982 were over 99 percent and 94 
percent respectively. The CR4 for the 
combined Utah and Southern Idaho area 
in 1 982 was 89 percent for fat cattle. 
These concentration rat ios would be 
considered high in almost any industrial 
setting. Questions pertaining to the 
amount of influence any particular 
packer(s) may exercise on prices may be 
relevant based on the high concentration 
of the market. High concentration ratios 
do not necessarily, however, indicate that 
meat packers depress prices in any par-
ticular area (Ward, 1979). Regional 
markets remain in equilibrium so long as 
excess profits to packers do not exceed 
shipment costs to other reg ions. The test 
of market efficiency rests upon the ability 
of the market price to accurately reflect 
the market and to correctly react to 
changes in market conditions. 
Data and Modeling Procedure 
Utah prices were analyzed relative to 
those of three other markets. The markets 
considered besides the Utah-Eastern 
Nevada-Southern Idaho (Utah) market are 
the Texas Panhandle (Texas), Omaha, 
and Colorado-Kansas (Colorado). The 
data consisted of the weekly quoted pri-
ces for fat cattle graded choice (yield 
grade 2-4) for the four separate markets 
between January 1. 1978. and June 4. 
1983. These data are published in lives-
tock. Meat. Wool Market News (USDA). 
with the exception of the Utah-Eastern 
Nevada-Southern Idaho prices. which 
were obtained from the Utah State 
Department of Agriculture. The data were 
analyzed by 
1 ) determining the actual behavior of 
prices and differences for the four 
regions (Le., seasonal behavior and 
magnitudes of price differences). 
2) analyzing transportation costs to 
determine if they are less than the 
average price differentials. 
Price Differentials 
Seasonal price movements refer to regu-
lar and systematic price movements 
within a year. The period(s) of increases 
(decreases) in price would be expected to 
occur either when supplies are short 
(plentiful) or demand increases 
(decreases). Cattle prices are expected to 
be highest in the spring when fewer fat 
cattle are coming out of feedlots, and low-
est in the fall when fat cattle are coming 
out of feedlots in relatively large numbers. 
Perishable commodities generally have 
larger seasonal price variations than stor-
able crops. Strawberries. for instance, are 
difficult to withhold from the market during 
periods of heavy shipment (Shepherd and 
Futrell , 1982). This leads to low prices for 
several months until supplies lessen and 
prices rise. Fat cattle may not be profit-
able withheld from slaughter once they 
reach a desirable grade. This makes 
orderly marketing more difficult during 
peak marketing periods (e.g., fall ). Gener-
ally. the tendency toward market equili-
brium dictates that price differences 
between regional markets may not 
exceed transportation costs. Otherwise. 
commodities will move between regions 
until the markets come back into 
equilibrium. 
Charting was used to analyze seasonal-
ity in fat cattle prices and price difference 
between the four regions. The results may 
indicate the periods of the year when 
shipment of cattle from Utah to other 
regions is most likely to be advantagE?ous. 
The data were also tested for any evi-
dence of inefficiencies across reg ions in 
the form of price differences greater than 
transportation costs plus a normal return. 
Shipment Costs 
Total costs for shipping fat cattle were 
assumed to be transportation (trucking) 
plus shrinkage costs. Transportation costs 
were estimated using the quoted price on 
July 28. 1983. from Logan. Utah. These 
trucking costs were quoted* as 
$2.10/ cwt .• $2.30/ cwt .• and $1 .50 / cwt. to 
Amarillo, Texas; Omaha. Nebraska; and 
Denver. Colorado. respectively (Miller, 
1983). These costs were then deflated 
using a standard transportation cost index 
to estimate the mean costs for 1978-82 
(Table 1) (USDA ERS and U.S. Depart-
ment of Commerce). 
An Iowa State University study esti-
mated shrinkage at approximately 0.61 
percent for each 100 miles in transit (Min-
ish. 1982). About half of this shrinkage is 
excretory and half tissue loss. Shrinkage 
costs vary according to the elapsed time 
between when cattle arrive at their desti-
nation and when they are weighed. If cat-
tle are permited to eat and drink before 
being weighed. a large portion of the 
excretory shrink will be recovered. Tissue 
loss. however. may take up to 16 days 
and more to replace (Minish. 1982). 
The distances from Logan. Utah. to 
Denver. Amarillo. and Omaha are approx-
imately 500, 900. and 1.000 miles, respec-
tively. This implies an average shrink of 
between 3.05 percent and 6.1 percent 
from Logan to Omaha depending upon if 
the cattle are fed and watered before 
weighing. A shrinkage of between 2.7 per-
cent and 5.49 percent would be exper-
ienced between Logan and Amarillo, while 
' This quote was for a load of 50.000 Ibs. or approximately 45 
head of 1.100 Ibs. steers and/ or heifers. 
1 .5 percent to 3.05 percent shrinkage 
would be realized on shipments to Denver. 
The cost of shrinkage may be calcu-
lated as percent shrinkage x destination 
price. A fat steer priced at $6S/cwt, with 
6.00 percent shrink would be worth 65.00 
x .94 = $61 .10. Thus, the shrink loss (cost) 
would be $3.90 / cwt. Total costs of ship-
ment were calculated for both full shrink 
and half shrink (excluding excretory 
shrink). 
Regional markets in equilibrium will see 
no price differences between regions that 
exceed shipment costs, otherwise ship-
ment would take place between regions 
until the regions come back into equili-
brium. Some short-term disequilibriums 
may occur in a market and allow profita-
ble interregional shipments of commodi-
ties. To see if short-term price disequili-
brium has existed in the past between 
Utah and other regional markets for fat 
cattle, we compared these shipment costs 
with actual price differences. 
Resultsl Price Behavior 
Price differentials between Utah and the 
three other reg ional markets appear to be 
highly seasonal (Figure 1). Prices in dif-
ferent markets fluctuate due to fluctua-
tions in local supplies and demands for fat 
cattle (Shepherd and Futrell. 1982). These 
seasonal fluctuations can occur in com-
petitive markets as long as the price dif-
ferential does not exceed transportation 
costs. Sales of retail beef fluctuate from 
day-to-day and from week-to-week. The 
number of cattle available to be slaugh-
,tered in the local market also fluctuates 
on a daily basis. To keep his supply 
adjusted, a packer must raise or lower his 
bid price relative to other markets. When 
too many cattle are available. the packer 
lowers his price. When too few cattle are 
available the price rises. This may lead to 
wide fluctuations in price differences 
between markets from one day to the next 
or one week to the next. Packers also 
adjust bid prices due to changes in supply 
and demand for by-products. slaughter 
costs. and some type of profit target 
(Ward). Generally. Utah producers may 
expect relatively large price differentials in 
the late summer and early fall and rela-
tively small price differentials in the late 
fall . early winter, and late spring (Figure 1 ). 
This indicates that the best possibilities for 
profitable shipment from Utah to other 
regions is probably during the late 
summer and early fall . No shipment deci-
sion should be made. however. unless 
actual price differences appear to be 
greater than shipment costs. 
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Utah prices tend to experience much 
larger negative differentials than the other 
three regions. This may be due to several 
different factors, the first being transporta-
tion costs (both for live cattle and car-
casses). The Utah market is relatively iso-
lated, and consequently one would expect 
larger differentials from other regional 
markets for this reason. Also, there are 
few buyers of fat cattle in the Utah region. 
This perpetuates greater variations in 
Utah prices due to short-run surpluses or 
deficits of fat cattle for slaughter. This 
implies that the Utah market experiences 
short-run disequilibrium, and thus the 
local Utah differential may temporarily 
exceed actual transportation costs (plus 
shrinkage). 
Tables 2 and 3 present the average 
prices and price differences for the four 
regions by year and month, respectively. 
Utah's price has been steadily declining 
relative to the other three regions during 
the past five years. The price difference 
between Utah and Texas is greatest in 
November and least in September. The 
difference between Utah and Colorado 
prices is greatest in November and least 
in January, while the price difference 
between Utah and Omaha is greatest in 
August and least in May. Prices in all four 
regional markets tend to peak in May and 
bottom in January (Figures 2-5). This sea-
sonal pattern indicates greater demand 
and/ or smaller supplies during the late 
spring and early summer and smaller 
demand and/or greater supplies of fat 
cattle during the late fall and winter 
months. Prices rise slightly in December, 
probably due to increased holiday 
demand. Prices in Utah tend to go slightly 
farther below average in October and 
1 02 UTAH SCIENCE 
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FIGURE 5. Seaaonal variation in Omaha fat 
cattle prleea, 1978-83. 
November relative to the other three 
regions. Prices in all four regions follow 
virtually the same seasonal pattern, indi-
cating that seasonal pressures impact on 
all four regions with uniformity. 
Shipment Costs Versus Price 
Differences 
The weekly price differences between 
Utah and the other three regional markets 
were compared with estimated shipment 
costs (transportation and shrinkage 
costs). The number of times the price dif-
ference between Utah and the other three 
regions exceeded these shipment costs 
were determined using both full shrink and 
half shrink (Table 4). 
As expected, the greater the distance 
between markets, the less probability 
there is that price differences will offset 
shipment costs. Based on this analysis, 
the Utah and Texas markets experienced 
short-term disequilibrium (price difference 
exceeded shipment costs) from 0 percent 
to 4 percent of the time during the past 5 
years. Short term disequilibrium between 
Utah and Omaha existed from 0 percent 
to 2 percent of the time during the study 
period, while the Utah and Colorado 
markets were in disequilibrium from 4 
percent to 14 percent of the time. The 
Texas and Colorado markets have shown 
an increased possibility for interregional 
trade from Utah during the past three 
years. The Colorado market shows the 
greatest probability for profitable trades 
from the Utah market. This would be 
expected since the Colorado market is the 
closest to Utah of the three other markets. 
The increases in price differences 
between Utah and the other regional 
TABLE 1. estimated trucking coata for cattle 
In dollars per hundredweight. 
From: To: 
Logan, Denver, Amarillo, Omaha, 
Utah Colorado Texaa Nebraaka 
Vear 
1978 $0.89 $1 .24 $1 .35 
1979 $1 .02 $1.42 $1 .55 
1980 $1 .20 $1 .67 $1 .83 
1981 $1 .39 $1 .94 $2.13 
1982 $1 .49 $2.08 $2.28 
19838 $1 .50 $2.10 $2.30 
8AS of July 23. 1983 
markets for fat cattle (Tables 2 and 3), 
together with the disequilibrium between 
markets that occasionally occurs should 
be of interest to producers. One possible 
explanation of this phenomenon is that 
meat packers in the Utah area are able to 
exert some market power in their pricing 
activities, as judged by Utah's lower rela-
tive price. This cannot be considered 
conclusive, however, since other factors 
such as increasing transportation and 
slaughtering costs together with imperfect 
information may contribute to the present 
situation. 
These results indicate that the Utah fat-
cattle market is generally in equilibrium. 
Opportunities for interregional trade do 
occasionally exist, however, especially 
from the Utah market to Colorado. 
Increasing the amount and quality of 
information available to fat cattle produc-
ers should assist them in bargaining and 
also in transportation decisions. The main 
obstacle to better Utah prices appears to 
be the relative isolation and concentration 
of the market. Better marketing practices 
and information may help to offset part of 
this disadvantage. 
Conclusions 
The price relationships between Utah and 
three other regional markets for fat cattle 
were analyzed. Prices and price differen-
ces by month and year were charted and 
analyzed. The seasonal pattern of each of 
the markets was similar to the others, with 
lower prices for fat cattle in the late fall 
and winter and higher prices during the 
late spring and early summer (Figure 2-5). 
Price differences between Utah and the 
other three regions were found to be great-
est in October and November and least in 
the late spring, early summer, and mid 
winter (Figure 1). 
The meatpacking industry in Utah and 
Southern Idaho is highly concentrated. 
TABLE 2. Mean prices and price differences for four regional markets for fat cattle by year, 
1978-1983.-
Year UP CP OP TP UT UC UO 
1978 52.33 52.79 52.77 52.56 - .22 - .45 - .44 
1979 67.28 67.95 67.63 68.63 - 1.35 - .67 - .35 
1980 67.53 67.40 67.10 68.48 - .94 .13 .44 
1981 64.07 65.01 64.24 65.96 - 1.89 - .95 - .18 
1982 63.56 65.31 65.14 65.93 - 2.37 - 1.75 - 1.58 
1983b 63.58 65.63 64.88 66.06 - 2.48 - 2.05 - 1.30 
aup = Utah-Eastern Nevada-Southern Idaho price per cwt. UT = UP-TP 
CP = Colorado-Kansas price per cwt. UC = UP-CP 
OP = Omaha Price per cwt. Uo = up-op 
TP = Texas Panhandle price per cwt. bFrom January to July 1983. 
TABLE 3. Mean prices and price differences for four regional markets for fat cattle by 
month 1978·1983.-
Month UP CP OP 
January 59.48 59.81 59.18 
February 60.06 60.46 60.55 
March 62.91 63.44 63.49 
April 64.61 65.83 65.13 
May 67.54 68.44 67.61 
June 67.07 67.89 67.11 
July 64.73 65.35 65.31 
August 63.30 64.34 65.14 
September 63.24 63.90 63.94 
October 60.81 62.19 62.10 
November 60.24 61 .96 61 .04 
December 61 .72 62.38 61.28 
aup '" Utah-Eastern Nevada-Southern Idaho price per cwt. 
CP '" Colorado-Kansas price per cwt. 
OP = Omaha Price per cwt. 
TP = Texas Panhandle price per cwt. 
The level of concentration is high enough 
to foster suspicion that packers may be 
able to exert market power on producers. 
Utah prices are lower than other regional 
prices, and the differential has been 
increasing over time. Only for brief periods 
of time has this differential exceeded 
transportation costs. Our results indicate 
that any market power exerted by packers 
in Utah cannot exceed transportation 
costs. Even if price differentials are less 
than transportation costs, Utah prices fol-
low the other prices closely, and disequili-
brium will be quickly corrected. 
This result speaks strongly for the 
existence of accurate and up-to-date 
information in the marketing of fat cattle 
and other agricultural commodities in 
Utah and other areas of the country. With 
Utah's relative isolation the effectiveness 
of information becomes increasingly criti-
caL This is witnessed by the increased 
widening price differences between Utah 
and other areas. A producer who is aware 
of these price differences and the market 
possibilities around him should be able to 
profit from more effective marketing deci-
sions through effective use of current 
market information. 
TP UT UC UO 
60.69 - 1.21 - .33 - .30 
61.44 - 1.38 - .39 - .48 
64.02 - 1.11 .53 .58 
66.34 - 1.74 - 1.23 - .53 
69.08 - 1.54 - .859 - .07 
68.33 - 1.26 - .83 - .05 
65.74 - 1.01 - .62 - .58 
64.63 - 1.33 - 1.04 - 1.83 
64.17 - .93 .67 .70 
62.79 - 1.98 - 1.38 - 1.29 
62.77 - 2.54 - 1.73 - .81 
63.19 - 1.46 - .66 - .44 
UT '" UP-TP 
UC = UP-CP 
UO = UP-OP 
TABLE 4. Total number of weeks price 
differences between Utah and 
other regional markets exceeded 
shipment coats between January 
1978 and June 1983. 
Region Full excluding Excretory 
Shrink Shrink 
Texas 
1978 0 2 
1979 0 0 
1980 0 0 
1981 0 2 
1982 0 6 
1983a 0 2 
Omaha 
1978 1 4 
1979 0 1 
1980 0 0 
1981 0 0 
1982 0 2 
1983 0 0 
Colorado 
1978 5 7 
1979 0 4 
1980 0 0 
1981 1 7 
1982 3 14 
1983 2 7 
a As of July 23, 1983. 
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A close association appears to exist between diarrhea and malnutrition, 
although the actual roles various 
nutritional factors may play in diarrheal 
disease are just beginning to be 
determined. A major study of this im-
portant question has been underway 
through a cooperative effort of a 
research team composed of members of 
USU 's Department of Animal , Dairy and 
Veterinary Science, Department of 
Biology, and Department of Nutrition 
and Food Science. The work was funded 
by the Utah Agricultural Experiment 
Station and by the Thrasher Research 
Fund of Salt Lake City, Utah. 
nu r • • • 10 
Malnutrition continues to be a 
problem in many of the developing 
nations, and diarrheal disease is also 
widespread in such areas. Both con-
ditions thrive in similar socioeconomic 
and cultural surroundings, and by acting 
together, contribute to high rates of 
childhood morbidity and mortality. 
Malnourished children have a higher 
incidence of severe diarrhea, resulting 
in high rates of diarrhea-related deaths 
(Mata et aI. , 1976; Scrimshaw et aI., 
1968; Wray, 1978). In addition to this 
human disease problem is the similar 
situation occurring in livestock 
throughout the world , wherein diarrheal 
disease, especially in the newborn, 
results in extreme economic losses. The 
role of nutrition in livestock diarrheal 
diseases is even less well understood. 
FIGURE 1. Electron micrograph of bovine rota virus. Bar = 100 nm. 
The Rotavirus as a Cause of Diarrhea 
While diarrhea in humans and livestock 
may be caused by a variety of agents, a 
particularly prominent culprit is the 
rotavirus. This virus (Figure 1) is' a 
relatively small , wheel-shaped, 
ribonucleic acid-containing member of 
the Reoviridae virus family. It has been 
estimated by World Health Organization 
investigators that the rotavirus IS 
associated with up to 50 percent of the 
1 04 UTAH SCIENCE 
hospitalized cases of diarrheal disease 
(Rohde and Northrup, 1976, World 
Health Organization, 1978). In recent 
years the importance of the rotavirus 
has been similarly established in the 
etiology of diarrhea in young calves, 
piglets, lambs, foals, and other animals 
(Gillespie and Timoney, 1981). 
Laboratory Model for Studying 
Rotaviral Diarrhea 
To effectively study the rotavirus-
induced diarrheal disease and the in-
fluence of nutritional factors on this 
disease, the USU researchers needed a 
laboratpry animal model. The model had 
to mimic the disease seen in the human 
and livestock infants and be responsive 
to often major changes in diet. The 
animal' that has proven ideal for such 
studies has been the laboratory mouse. 
Experimentally infected infant mice, 
born to dams which had not had a prior 
exposure to the disease, develop a 
diarrheal disease which closely 
resembles the infection in both the 
human infant and in livestock. Within 
days after exposure to the rotavirus, the 
mouse exhibits a severe diarrhea and 
subsequently fails to gain weight at the 
same rate as its uninfected counterpart. 
Within one to two weeks after infection, 
this lessened weight gain becomes quite 
obvious and the infant appears runted 
(Figure 2). Occasionally the animals die 
from disease. Using a special enzyme-
linked immunosorbent assay procedure, 
high virus titers can be measured in the 
intestines of the infant mice. The 
severity of the diarrhea can also be 
measured by determining the ratio of 
large intestine weight to whole mouse 
weight (Figure 3). Serum sodium levels 
/ 
D r e 
FIGURE 2. Weight loss and runting in mice 
causd by rota virus infection. Upper two mice 
were infected 10 days earlier. The bottom 
mouse was uninfected. 
• 
O F '- • 
Rotavirus-infected mouse 
large intestine 
IP- ... ..-..... __ • 
Sham-infected mouse 
large intestine 
FIGURE 3. Comparison of intestines from 
rota virus-infected and uninfected mice, illus-
trating the distention and enlarged appear-
ance of the intestine caused by the infection. 
nection 
, 
FIGURE 4. Destruction of intestinal villi caused by rota virus infection. (a), normal, (b), infected. 
( Artists' rendition) , 
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decrease in the infant mouse, indicating 
an electrolyte imbalance probably due 
to dehydration, an expected result of 
severe diarrhea. Histopathologic study 
of the intestines provided evidence of 
major destruction of the intestinal villi 
(Figure 4). Thus, assorted parameters 
are available in the mouse model for 
study of the diarrheal disease induced 
by rotavirus. 
Nutritional Strategy 
The initial strategy planned in the 
nutritional studies run with the rotavirus 
disease model in mice varied the target 
nutrient without changing the remaining 
components in the diet, using as a 
standard a dietary regimen recom-
mended by the U.S. National Academy 
of Sciences. The nutrients selected 
were those that have affected specific 
immunological parameters such as 
humoral antibody titers, cell mediated 
responses, and resistance to bacterial 
infections. The nutrients selected also 
evidenced a tendency to be deficient in 
certain human diets, thus resembling 
situations that might exist in nature. As 
a follow-up to the initial studies, cross-
fostering experiments, in which healthy 
mothers nursed infants from nutrient-
deficient dams and the nutrient-deficient 
dams nursed healthy offspring from 
healthy mothers, were planned. These 
used nutrients that, when deficient in 
the diet, markedly enhanced the disease 
severity. The cross-fostering studies 
were designed to distinguish between 
pre- and post-natal nutritional in-
fluences. 
Influence of General Malnutrition 
To determine the effects of general 
malnutrition on rotaviral diarrhea, 
female mice were fed throughout 
pregnancy and lactation periods with a 
standard mouse diet in which the 
nutrient to calorie (N/C) ratio was 
altered by diluting the normal diet with 
glucose so it was 40 percent or 70 
percent of normal. (Comparable mice 
were fed a normal, non-diluted diet for 
comparison purposes.) Thus the test 
mice received all the calories they 
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wished, but the nutritive value was 
lessened to a threshold point at which 
further reduction would have not been 
tolerated by the animals. Infants born to 
these dams were orally infected when 2 
days old with rotavirus, and the extent 
of the subsequent infection was 
determined. Marked increases in 
severity of diarrheal disease was seen 
in the infants from dams receiving the 
40 percent to 70 percent N/C diets 
(Table 1). This increased severity was 
evidenced as more deaths, reduced 
weight gain (Figure 5), and greater 
passage of diarrheic feces. Pre- and 
post-natal dietary effects were deter-
mined when the experiment was 
repeated, and newborn mice from dams 
receiving a 40 percent N/C or 100 
percent N/C (normal) diet were cross-
fostered to mothers fed the opposite 
diet. After infecting these cross-fostered 
infants, increased severity of infection 
was again seen (Table 2, Figure 6), 
although the effect was not as marked 
except when the 40 percent N/C diet 
was used both pre- and post-natally. 
Gastrointestinal infection is normally 
held in check by the alimentary 
microflora and the cellular integrity of 
the gut. In malnutrition, slowed cellular 
turnover may cause mucosal thinning, 
altering the normal relationship between 
the mucosa and flora, thus com-
promising this biological barrier. When a 
viral infection causes damage to the 
epithelial lining, it must be repaired by 
normal mechanisms, which may be 
faulty, in the malnourished host, thus 
retarding repair. 
The mice born to nutritionally 
deprived dams, were considerably lower 
in weight than normal and obviously 
weakened due to the malnourishment. 
Such weakening, coupled with the 
stress of the infection, no doubt caused 
them to succumb to the disease more 
readily than healthy baby mice. The 
serum antirotavirus antibody was 
considerably lower in nutritionally 
deprived dams, an expected finding 
since malnutrition has serious effects on 
host immunological defense 
mechanisms (Chandra, 1976, Faulk et 
aI. , 1976). Thus a decreased ability of 
the animal to defend itself im-
munologically may have also contributed 
to the enhanced severity of the 
diarrheal disease. 
Influence of Dietary Protein 
Protein deprivation has been known to 
enhance certain infections caused by 
parasites, bacteria, fungi, and other 
viruses (Chandra and Newberne, 1979) 
and, like general malnutrition, also 
strongly affects host immune response. 
Protein-undernourished subjects have 
also exhibited a severe depletion of 
mucosal epithelial cells in the gut. Thus 
protein was considered a likely 
nutritional factor to be next investigated 
with regard to its influence on rotavirus-
induced diarrheal disease. The ex-
periment was run in a similar manner to 
that done in the general malnourishment 
study, with dams receiving diets that 
contained one-half the normal amount of 
protein in the form of casein throughout 
pregnancy and lactation periods. 
Rotavirus-infected infants born to these 
dams again were more severely ill than 
those born to mothers receiving a 
normal amount of protein in their diet. 
This enhanced illness was especially 
apparent as a lessened weight gain 
(Figure 7), particularly later in the infec-
tion, and in a marked increase in deaths 
among the infants (Table 3). A significant 
increase in incidences of diarrhea was 
also evident. 
An important observation in this study 
was the occurrence of dead or dying 
newborns, usually born 2 to 6 days 
prematurely, to the dams receiving the 
low protein diet. Such weakened infants 
from mothers fed relatively low quan-
tities of protein accentuate the need for 
adequate protein in the diet. It is not 
surprising that the rotaviral disease was 
so intense in such weakened infants. 
Influence of Dietary Folic Acid 
Folic acid, also known as folacin or 
pteroylglutamic acid, is a water-soluble 
vitamin found particularly in green 
vegetables, beans, nuts and eggs. The 
vitamin is considered one of the first 
limiting nutrients in human diets (Leevy 
et aI., 1965), particularly among 
TABLE 1. Effect of pr.· and po. t·natal g.n.ral malnutrition on 
rotavlru. Infection In Infant mlc • . 8 
Number of mice 
Average initial weight (g.) 
Mortality (%) 
Average survival time of 
dying animals (days) 
40 
60 
1.8* 
80** 
1.6 
P.rcentag. Nutrl.nt. In DI.t 
Relatlv. to Control 
70 100 (Control) 
70 
2.0 
48** 
2.4 
70 
2.4 
4 
7.0 
aOata from MS thesis by Roger L Noble. Utah State University . 
• p < 0.05 < •• p < 0.001 (compared to control). 
TABLE 3. Effect of pre- and po. t·natal dl.tary prot.ln d.prlvatlon 
on rotavlru. Infection In Infant mlc • • 8 
Number of mice 
Average initial weight (g) 
Mortality (%) 
Average survival time of 
dying animals (days) 
Incidence of diarrhea (%) 
P.rcent Prot.ln (Ca •• ln) In DI.t 
7.5 15 (Control) 
36 73 
1.3 1.8 
76** 10 
2.8 5.6 
88** 50 
aOata from MS thesis by Roger L Noble. Utah State University. 
•• p < 0.001 (compared to control). 
TABLE 5. Effect of pre- and post·natal dl.tary . ... ntlal fatty acid 
d.flclency and .xce •• on rotavlru. Infection In Infant 
mlce.8 
Fatty Acid Concentration (% ) 
25 100 (Control) 200 
Number of mice 32 48 45 
Average initial weight (g.) 3.1 3.6 3.4 
Incidence of diarrhea (%) 100 100 100 
Average intestinal virus titer 101 80 63 
Intestine/whole body weight 
ratio. day 2 (x 10-2) 8.5* 7.2 7.6 
Intestine/whole body weight 
ratio. day 8 (x 10-2) 9.8* 8.4 8.0 
Average serum rotaviral anti-
body titer (infants) 10* 40 38 
Average serum rotaviral anti-
body titer (dams) 26 64 36 
aOata from MS thesis by Kamyar A. Zahedi. Utah State University. 
• p < 0.05 (compared to control). 
TABLE 2. Effect of cro •• ·fo.t.rlng to dlff.r.ntlat. betw •• n 
pre- and po. t·natal malnutrition on rotavlru. Infection 
In Infant mlc • • 8 
P.rc.ntag. Nutrl.nt. In DI.t 
R.latlv. to Control 
4Ob/4OC 401100 100140 1001100 
Number of mice 
Average initial weight (g.) 
Mortality (%) 
Average survival time of 
dying animals (days) 
16 17 
1.7** 1.8** 
100** 57** 
1.4** 3.5** 
aOata from MS thesis by Roger L Noble. Utah State University. 
bOiet of dams from which infants were taken. 
COiet of fostering dams . 
• p < 0.05 < .• p < 0.001 (compared to 100/100 group). 
48 32 
2.0* 2.6 
51** 0 
4.7** 15 
TABLE 4. Effect of pre- and po. t·natal dl.tary folic acid 
d.flcl.ncl •• on rotavlru. Infection In Infant mlc • • 8 
Number of mice 
Average initial weight (g) 
Folic acid content in 
uninfected mice (I'g/g) 
Incidence of diarrhea (%) 
Average intestinal virus titer 
Infants with no detectable 
rotaviral antibody (%) 
Day 20 weight gain (%) 
Folic Acid Conc.ntratlon In DI.t 
(,&g/g) 
0 0.125 0.5 (Control) 
136 91 85 
2.1 2.0 2.1 
3.8* 5.1 5.3 
73* 64 58 
544* 740* 386 
81* 44 50 
410 450 440 
aOata from PhO dissertation by John O. Morray. Utah State University . 
• p < 0.05 (compared to control). 
TABLE 8. Effect of pre- and post·natal dl.tary zinc deficiency on 
rotavlru. Infection In Infant mlc •• 8 
Zinc Concentration In DI.t (,&g/g) 
4 12 80 (Control) 
Number of mice 82 97 99 
Average initial weight (g) 2.7 3.1 3.1 
Zinc content in uninfected 
mice (I'g/g) 15.2* 19.9 20.9 
Thymus weight in uninfected 
mice (mg) 80.1 * 92.3 99.8 
Incidence of diarrhea (%) 71 65 75 
Average intestinal virus titer 3596 5612 6618 
Infants with no detectable 
rotaviral antibody (%) 20 0 4 
aOata from PhO dissertation by John O. Morray. Utah State University . 
.p < 0.05 (compared to control). 
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pregnant women (Baker et aI. , 1975), 
and deficiencies in diets have had 
profound effects on both cellular and 
humoral immunity (Gross and 
Newberne, 1980). Folic acid was 
therefore considered as a dietary factor 
likely to influence rotavirus-induced 
diarrheal disease. 
The experimental design of this study 
was similar to those used in the general 
malnutrition and dietary protein studies, 
with female mice fed folic acid-altered 
diets throughout pregnancy and lac-
tation periods. In this study, the diets 
used included a diet containing 
essentially no folic acid, a diet con-
taining 25 percent of a normally 
recommended quantity of the vitamin , 
and a normal diet that contained a full 
measure of folic acid. Infants from the 
lowest folic acid diet-fed dams had 
significantly lower folate levels in their 
livers, indicating a deficiency was 
achieved. In these same infants, a 
moderate enhancement of rotaviral 
disease was seen as determined by 
increased incidences of diarrhea (Table 
4) and an increased number of animals 
containing high rotavirus concentrat ions 
in their intestines (Table 4). The infants 
from dams receiving the moderately 
reduced folic acid levels in their diet 
also were more severely ill than the 
mice from the dams fed the normal diet, 
although the intensity of the disease 
was not as great as among the lowest 
folic acid diet group (Table 4). 
A general weakening effect was again 
seen in the infants from the group 
receiving the least folic acid. This 
weakening was especially apparent as 
Significantly reduced weight gain among 
these infants (Table 4). Of particular 
interest was the significant number of 
infected infants from the lowest folic 
acid diet group who had no detectable 
serum antibodies to the rotavirus; this 
lack of antibody, a probable result of the 
lack of folic acid in the diet, may have 
been a major reason for the enhanced 
infection seen in these animals. 
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The diarrheal disease 
induced by 
rotavirus 
in the infant mouse 
appears to be enhanced 
by malnutrition 
as well as by 
deficiencies of specific 
nutritional factors. 
Influence of Dietary Essential 
Fatty Acids 
The essential fatty acids of particular 
interest in this research were linoleic 
and linolenic acids, both being 
polyunsaturated fatty acids found in 
corn oil. These fatty acids, like the other 
nutrients already discussed, affect 
antibody titers and cell-mediated im-
munity, depending on their level in the 
diet (Vitale and Broitman, 1981). They 
are also known to fluctuate widely in 
diets, so both lower than normal (25 
percent) and greater than normal (200 
percent) levels of these polyunsaturated 
fatty acids in the mouse diet were in-
vestigated with respect to thei r in-
fluence on rotaviral diarrhea. The diets 
were prepared using tocopheral-stripped 
corn oil as the source of the polyun-
saturated fatty acids. Hydrogenated 
coconut oil, which has essentially no 
linoleic or linolenic acid, was mixed with 
the control diets. The infants from mice 
receiving the lower fatty acid diet had a 
more severe gastroenteritis than those 
mice receiving the normal diet. This 
enhanced severity was seen particularly 
as increased evidence of diarrhea (intes-
tine/whole body weight ratios, Table 
5) and more marked histopathological 
changes in the intestinal epithelium. 
These animals also exhibited lower 
serum antibody titers to rotavirus than 
did mice in the normal diet group. In-
terestingly, the animals from the 200 
percent fatty acid diet group, while not 
visibly exhibiting signs of increased 
diarrheal disease, had more extensive 
damage to the intestinal mucosa as 
measured by the histopathology of 
stained intestinal sections. 
Influence of Dietary Zinc 
Deficiencies of dietary zinc have been 
associated with impaired immune 
responses in numerous studies, and 
dietary zinc deficiency occurs quite 
frequently in many countries (Fraker and 
Leucke, 1981). The influence of dietary 
deficiencies of this mineral on the 
rotavirus disease was therefore 
determined using the same procedure 
as described above. Effects of a highly 
deficient diet, containing 4 /o4 g zinc per 
gram, and a moderately deficient diet, 
containing 12 J.I. g of zinc per gram, were 
compared with those of a " normal " diet 
containing 60 J,.4 g of zinc per gram. The 
deficient diets caused an obvious zinc 
deficiency in the infant mice (Table 6), 
as evidenced by reduced thymus 
weights, a lesser ability of the an imals 
to gain weight, a lower measurable zinc 
concentration in the whole animal , and 
the presence of scaly skin. Despite 
these general manifestations of zinc 
deficiency, however, the animals 
displayed no apparent increase in 
severity of the diarrhea disease using 
any of the parameters described earlier. 
Antibodies to the rotavirus were at 
approximately the same levels in all 
three groups of animals. The reason for 
this apparent and surprising lack of 
effect is still under investigation. 
Conclusions 
The mouse has proven ideal for in-
vestigation of rotavirus-induced 
diarrheal disease. The disease elicited 
in the infant mouse closely resembles 
the gastroenteritis seen both in human 
~ ~--------------------------~ 
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DAYS POST-VIRUS EXPOSURE 
FIGURE 5. Weight gain of rota virus-infected 
infant mice from dams receiving 40, 70, or 
100% nutrientl calorie diets. 
infants and in newborn livestock. with 
many easily measurable parameters 
available to the investigator_ 
The diarrheal disease induced by 
rotavirus in the infant mouse appears to 
be profoundly enhanced by malnutrition 
as well as by deficiencies of specific 
nutritional factors such as protein. fol ic 
acid. and polyunsaturated fatty acids. 
which may also be found lacking in 
human and possibly livestock diets. Our 
knowledge of the mechanisms by which 
this disease enhancement occurs is 
incomplete. but the increased disease 
severity appears to be primarily involved 
with a general weakening of the 
newborn infant as well as with inhibition 
of key immunological mechanisms the 
infant needs to resist the infection. 
Such data strongly point to the need 
for the prospective mother to be 
provided with a well-balanced diet 
throughout her pregnancy if her off-
spring are to adequately resist the 
ravages of the widely occurring 
rotavirus-induced diarrheal disease. 
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FIGURE 6. Weight gain of rota virus-infected 
infant mice cross-fostered from 100% NIC-
fed dams to other NI C dams (100%1100%), 
from 40% NIC dams to 100% NIC dams 
(40%/100%), from 100% NIC dams to 40% 
NIC dams (100%140%), and from 40% NIC 
dams to other 40% NIC dams (40%140%). 
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Many forms of congenital (present at birth) defects, ranging from minor 
changes to striking abnormalities in the 
newborn have been observed. The cause 
and pathogenesis (development) of con-
genital anomalies are complex. 
The musculo-skeletal system is struct-
urally and functionally a unit. It can be 
completely understood only if this concept 
is kept in mind while artificially separated 
parts are studied. This unity is reflected in 
the close inter-relationship between 
pathologic changes of bone, joints, and 
muscles. Whenever one of the three major 
components of the locomotor system 
becomes abnormal, the other two ulti -
mately undergo secondary changes. The 
mechanical continuity of the main constit-
uents of the musculo-skeletal system and 
their smooth function are made possible 
by the minor constituents of this system 
and their remarkable adaptation to local 
needs. These other, less prominent struc-
tures include the tendons, tendon sheaths, 
and bursae. 
Bone is a hard, highly specialized form 
of connective tissue composed of branch-
ing cells and intercellular substance. The 
hardness results from depOSition of a 
complex mineral substance (chiefly com-
posed of calcium, phosphates and carbon-
ates) within a soft organic matrix or form. 
To understand diseases of bones one 
must know and understand bone structure 
and function. The major functions of bone 
are mechanical (support, locomotion, and 
protection), metabolic (homeostasis 
storehouse for minerals and fat), and as a 
site for production of blood cells. 
Bone structure and composition varies 
depending upon age, function, metabolic 
state, use, state of health, and other fac-
tors. The shaping and size of bones 
(modeling) stops at maturity. Remodeling, 
or the removal and replacement (turnover) 
of bone goes on throughout life. The major 
and number-one authority on bone is 
"bone" and it "behooves us" to properly 
observe and interpret what is happening. 
In the evaluation and understanding of 
diseases of bones one must appreciate 
and realize that various phases of bone 
activity vary and may not and usually do 
not represent the steady state of bone 
activity. One must beware of applying cel-
lular level responses to interpret tissue, 
organ, system, and total-bOdy responses. 
Remarkable recent revival of interest in 
the problems of bone on the part of investi-
gators in all fields of basic science and 
clinical medicine has occurred. The stud:, 
of bone dynamics and skeletal kinetics is 
extensive beyond the possibility of com-
plete understanding by one person. 
Abnormalities of the musculo-skeletal 
system are numerous. The magnitude of 
the defects vary widely. The changes may 
be diffuse, localized, or appear as single 
isolated anomalies. Only musculo-skeletal 
structures may be affected, or other 
tissues, organs, or systems may also be 
involved. 
Musculo-skeletal defects may occur for 
a variety of reasons but the causes are 
frequently divided into genetic and environ-
mental. Inheritance may be via many 
genetic modes or patterns. Environmen-
tally, abnormalities may be induced nutri-
tionally by many different elements or 
cO(TIpounds. These elements or com-
pounds may appear in excess or as defi-
ciencies. The compounds may either exist 
naturally in feedstuffs or be manufactured 
and introduced into the food chain. The 
compounds responsible are often 
ingested by pregnant animals and affect 
the unborn offspring during embryonic 
development and fetal growth. Musculo-
skeletal defects may also be acquired by 
an animal through intrauterine infections, 
maternal endocrine inbalances, trauma, or 
physical phenomena. 
Cattle have the highest incidence of 
reported skeletal malformations in live-
stock. Historically, one of the first widely 
recognized musculo-skeletal defects in 
cattle was dwarfism which affects the 
entire animal. Dwarfism has been asso-
ciated with certain breeds. 
Several musculo-skeletal defects of 
livestock have been studied at Utah State 
University (USU). 
In the early 1950s, USU researchers 
responded to requests from farmers, 
ranchers, civic officials and industrial 
representatives to diagnose a chronic 
insidious condition affecting the teeth and 
skeletal system of numerous domestic 
animals and some of the wild animals in 
Utah and Salt Lake counties. A definitive 
diagnosis of fluoride toxicosis (fluorosis) 
was confirmed after extensive and 
detailed clinical examinations of affected 
animals were conducted. Long term con-
trolled studied were initiated and demon-
strated that developing teeth and bones of 
animals of all ages were particularly sus-
ceptible to effects of excessive intake lev-
els of fluoride. It was also proven that fluor-
ides had no congenital malformation or 
tumor-inducing effects. Factors that affect 
expression of the different types and var-
ious degrees of bone changes (osteofluor-
osis), as illustrated in Figures 1 and 2 
were determined. Information developed 
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at USU has been used to establish 
recommended standards and criteria for 
fluoride and is being utilized worldwide to 
aid in the diagnosis, evaluation, and prev-
ention of fluoride toxicosis in animals. 
Some of the results of USU animal studies 
have been used by researchers to rein-
force their recommendations of the bene-
ficial effects of ingestion of proper 
amounts of fluorine by humans. 
During the 1960s a deformity of Here-
ford calves that included persistent flexure 
or contracture of limbs (arthrogryposis), 
dorsal curvature with a humpback 
appearance (kyphosis), lateral deviation of 
the spinal column (scoliosis), twisting of 
the neck (torticollis) and cleft palate was 
studied. At the same time there was much 
research effort being directed to studying 
similar effects caused by ingestion of cer-
tain vegetation by pregnant cows (Figures 
3 and 4). Repeated matings of a certain 
bull with a small group of cows over sev-
eral years led to the conclusion of an 
inherited musculo-skeletal defect very 
similar in appearance to the deformities 
induced by ingestion of lupine and some 
other plants (Figure 5). 
An appeal for help from a prominent 
Jersey breeder led to the identification of 
a condition popularly called "Limberleg." 
The cause proved to be a hereditary 
recessive factor and only resulted when 
inbreeding of certain family lines was 
practiced. The USU studies led to many 
subsequent reports to the breed associa-
tion of the birth of Jersey calves fitting the 
limber leg description. 
There have been other studies con-
ducted at USU on musculo-skeletal 
defects. A factor influencing the study of 
musculo-skeletal abnormalities is the 
presence on the USU campus of the 
Western Regional USDA Poisonous Plant 
Laboratory. Ingestion of some native 
range plants by pregnant animals may 
result in congenital abnormalities of the 
musculo-skeletal and other systems. 
Causes of these disorders must be differ-
entiated from heritable conditions and 
inherited conditions must be differentiated 
from environmentally induced defects. 
Currently, studies are continuing at USU 
on a long-term comparative study of 
Hereditary Multiple Exostoses (HME). 
These multiple bone tumors are usually 
benign. No sarcomatous (malignant) 
transformations of these tumors have 
been detected to date in any of our 
studies with either the horses or humans 
(Figures 6 and 7). Other researchers have 
reported occasional malignancies among 
their human study groups. 
HME is a skeletal disorder that primarily 
affects endochondral bones. Endochon-
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dral bones are bones that form from carti-
laginous models. A similar condition has 
also been identified in dogs, cats, lizards, 
and lions. Some of these incidents were 
reported in the literature as simple case 
histories of an examination of a Single 
individual and others were followed to 
confirm an inheritance pattern. 
The inheritance pattern of a single dom-
inant autosomal gene (non sex linked) has 
been observed in all pedigrees studied at 
USU for HME in both horses and humans. 
Affected individuals transmit this trait to 
approximately 50 percent of their progeny, 
in keeping with the mendel ian segregation 
of alleles, whereas non affected individuals 
do not transmit the condition to their 
offspring. 
The tumors in affected horses are most 
often present at birth and in affected 
humans are usually identified after 1 year 
of age. Skeletal development at birth 
probably accounts for this timing variation. 
In both horses and humans, the tumors 
vary in size, shape, and texture (Figures 8 
and 9). The lesions tend to be somewhat 
bilateral. The skull is not involved in either 
species. The tumors become more 
obvious during periods of active skeletal 
maturation and cease to enlarge after 
maturity (closure of the growth plates). 
They are usually found in areas where 
bone growth is most active and areas sub-
jected to greatest stress and strain. The 
exostoses are usually disfiguring and may 
interfere with some types of physical per-
formance, infringe on some blood vessels, 
and induce pain by exerting pressure 
upon surrounding structures such as ten-
dons, nerves, the spinal cord, and some 
visceral organs (liver and kidney). HME is 
characterized on gross examination as a 
deformity or tumor of bone with a 
cartilage-cap. Pathologists call this type of 
tumor an osteochondroma. Radiograph-
ically, the observed tumors had varying 
degrees of mineralization, were distinct or 
occasionally appeared as poorly deline-
ated lesions. Histopathologic features var-
ied somewhat Cjepending on age, location, 
and size of the tumors but generally were 
those of an osteochondroma in both spe-
cies. Periosteal and other connective 
tissues usually covered cartilage-capped 
spongy chondro-osseous (mixed cartilage 
and bone) growths (Figure 10). Subchon-
dral foci of cartilage cells were located 
within a haphazardly arranged and poorly 
organized trabecular network. 
Sarcomatous transformations have not 
yet been detected after 1 5 years of USU 
study in horses, although such changes 
have occasionally been reported in stud-
ies by other authors of HME in humans. 
Estimates of the incidence of sarcoma-
tous transformation in humans vary from 1 
percent to 20 percent. Factors such as 
variability in criteria used for differential or 
definitive diagnosis of HME, age group, 
and mode of study have had important 
bearing on the percentage of reported 
sarcomatous transformations. 
No difference occurred in the severity 
of clinical manifestations of HME between 
males and females. Type and distribution 
of lesions showed no difference in sex or 
family lines. No trend was observed for 
changes in the severity or multiplicity of 
the lesions in successive generations. 
Some human families in the USU study 
include up to 5 generations. 
The clinical, gross, and microscopic 
appearance of the lesions in horses simu-
lates that of the lesions of HME in 
humans. Thus, comparative studies of 
horses and humans, with follow-up eval-
uations, can provide information on the 
cause and deVelopment of the disease, 
including the incidence of malignancy. To 
achieve this end, researchers at USU 
have been studying affected members of 
both species. 
Fourteen human family groups evidenc-
ing HME are under investigation. One fam-
ily group of 48 contains 22 HME affected 
individuals. The pattern of single gene, 
autosomal dominant inheritance and the 
phenotypic expression (appearance) are 
similar to those in the horses that are also 
under investigation. 
There is still much research activity on 
HME at USU. Horse and human patients 
in the study are periodically re-examined 
to study tumor development and check for 
possible sarcomatous transformation. 
Individuals born in the study groups are 
evaluated for tumor appearance, growth 
and development. 
Newly developed molecular biological 
techniques are being utilized to identify a 
particular gene in the DNA. Purified DNA 
is being isolated from HME affected 
horses and humans. Enzymes are used to 
fragment the DNA and possible poly-
morphisms (many form) are located. 
Studies are beginning to utilize isotope 
labeled markers for detection of genes. 
Additional valuable information is being 
obtained on tumor metabolism by feeding 
Sodium Fluoride to HME affected horses. 
Dosages of up to 7.5 mg of Fluorine/ kg of 
body weight! day have been fed to some 
of the horses for as long as eight years. 
Uptake of fluorine by the tumors is about 2 
times that of normal bone in the same 
animals but no adverse morphological 
(structural) effects have been noted to 
date. This phase of the study is closely 
integrated with observations for possible 
sarcomatous transformations. 
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Since the symptoms as well as the 
pathologic aspects and genetics of HME 
in horses and human beings are similar, 
results of experiments on horses have 
had valuable applications to humans. 
FIGURE 6. Three-day-old colt with tumors 
(HMEJ as indicated by arrows. 
FIGURE 7. Lower legs of a 5-year-old boy 
with tumors (HME). Sites of tumors are Indi-
cated by arrows. 
FIGURE 8. Lower end of radius from a 3-
year-old horse with prominent tumors (arrows) 
ofHME. 
FIGURE 9. Rear view of knee area of a man 
67 years of age with HME. Most prominent 
tumors are indicated by arrows. 
FIGURE 10. Photomicrograph of a small 
tumor from a horse with HME. At top, abnor-
mal cartilage cells (dark area) overlay abnor-
mal bone below. (H & E stain, x 75) 
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D. C. DOBSON, N. J. STENQUIST and J. O. ANDERSON 
A FEED 50U~CE OF THE FUTU~E 
Animal wastes represent a potential major recoverable feed resource 
which at present is being under-utilized. 
Assuming animal wastes contain 15 per-
cent dry matter, the annual dry matter 
yield in the U.S. would approximate 330 
million tons (Fontenot and Jurubescu). 
There would be about 7 million tons per 
year produced from poultry alone. 
Utah could produce about 56,000 tons 
per year from our combined turkey and 
egg production units. Not all of th is is 
readily available, however, without some 
major changes in rearing methods, espe-
cially by the turkey industry. The egg 
industry, on the other hand, could have 
available about 28,000 tons per year with 
development of an economical method of 
reducing the water content of cage layer 
feces. 
Program Not New But Intensified 
The feeding of poultry wastes to animals 
is not new. The program has simply been 
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intensified in the last 15 to 20 years. 
Broiler litter has probably received the 
most emphasis because of the ease of 
collection and processing. Anthony has 
stated that, "Beef cattle producers search-
ing for ways to lower feed costs and / or 
stretch feed supplies should consider 
broiler litter as a possible nutrient source 
for wintering, growing, and finishing 
rations, broiler litter is a valuable source of 
crude protein and minerals for beef cat-
tle." Cattle producers in Arkansas (Cope-
land) have survived three very dry years 
by feeding broiler litter. One grower stated 
that it is the cheapest way to put weight 
on weaned calves and to winter a 
cowherd. In Utah, there is no broiler indus-
try, but there is an egg and turkey industry 
that have waste products. 
Cage layer waste is one of the more dif-
ficult products to dispose of, use, or pro-
cess because of its high moisture content 
(70-80 percent). Some management prob-
lems have added to the problem. These 
have included watering system failures 
that permitted more water to run into the 
droppings, thus causing the material to 
become corrosive and have offensive 
odors. Fresh poultry waste from a normal 
healthy flock of birds has a minimum of 
offensive odors. The highly offensive 
odors develop as the feces are permitted 
to undergo putrefication. Except for broiler 
and turkey litter, poultry wastes are wet as 
collected and the presence of moisture is 
the greatest restriction on the use of 
wastes in animal feeding programs. 
According to Anthony, representing the 
scientific community, animal wastes 
should be processed prior to use as 
animal feed. Animal waste has greater 
value as animal feed than it has for any 
other current method of utilizing the waste 
products. General acceptance of animal 
waste feeding has not occurred within the 
agricultural community. 
Several methods of processing cage 
layer waste have been explored and it 
appears that no one way will be the best 
method. Each area will need to examine 
Machine used to process layer waste. "Pro-
tein source" produced contains about half 
layer waste; the rest is salt minerals, and 
barley. 
its natural advantages and capitalize on 
them. It is also essential to determine 
where processed waste fits into the food 
cycle of animals. 
Dehydration Methods 
One method to process cage layer waste 
into products that can be used for animal 
feeding involves dehydration, using fossil 
fuels for heating. Egg producers who are 
using this process are finding the high 
cost of gas and oil to be a deterrent. The 
odors from fossil fuel dehydration can be 
strong and offensive to neighbors. Cur-
rently the commercial industry is looking 
for more economical and feasible 
methods of utilizing poultry wastes. 
Ensilage 
Another method of utilizing cage layer 
wastes has been to blend wastes with 
corn silage and other feed ingredients and 
ensile them together. Workers have 
shown with proper ensiling that the pro-
duct is palatable to cattle, free of patho-
genic disease organisms and aestheti-
cally acceptable for most livestock 
producers (Anthony). Ensiling has certain 
limitations because there are chickens 
voiding excerta everyday and silage is 
harvested once a year. The ensiling pro-
cess would not be possible in the colder 
climates during the winter. One operation 
in Mississippi appears to be successful in 
utilizing cage layer waste on a year-round 
basis. This operation re-ensiles corn sil-
age blended with cage layer waste, 
molasses, vitamin A, and dry brooder 
house litter: The dry brooder house litter 
was added to reduce the moisture. This 
operation had 1,000 head of feeders 
receiving the re-ensiled product. They 
reported that the cattle did quite well and 
made economical gains. 
TABLE 1. Nutritional value' of animal waltel. 
Kind of Waite 
Dehydrated Compolted Fresh dried 
Broiler caged layer caged layer caged layer 
Item walteJ waateJ waite' waiteS 
Crude Protein % 31 .3 28. 40. 40. 
True Protein % 16.7 11 .3 
Digestible Protein % 23.3 14.4 
Crude Fiber % 16.8 12.7 
Ether Extract % 3.3 2. 
NFE% 29.5 28.7 
Dig. Energy (ruminants) kcal/g 2440. 1884. 
Metab. Energy (ruminants) kcal/g 2181 . 
TON (ruminants) 59.8 52.3 
Ash% 15.0 28. 
Calcium % 2.4 8.8 8.5- 11 .0 
Phosphorus % 1.8 2.5 2.0- 2.3 2.0 
Magnesium % 0.44 0.67 
Sodium % 0.54 0.94 0.70 
Potassium % 1.78 2.33 
Iron, ppm 451 . 2000. 1575. 
Copper, ppm 98. 150. 85. 
Manganese, ppm 225. 406. 317. 
Zinc, ppm 235. 463. 290. 
lOry matter basis. 
2Adopted from Bhattacharya and Taylor (1 975). 
30etermined from fresh product (3 day collection by Soil. Plant and Water Analysis Laboratory. U.S.U.). 
TABLE 2. Influence of storage' time of waste 
in laying house2 on nitrogen con-
tent of feces. 
Calcium 
Storage Moisture Nitrogen Protein 
Time Content ContentS Content 
% % % 
3 days 58.4 5.72 35.8 
13 weeks 46.8 2.94 18.4 
1Storage was in the same commercial layer house under rela-
tively "dry" conditions. 
2The laying house was the deep pit style house. 
3 itrogen content was determined on dried samples. 
Compostlng 
Another method is that of composting in 
which volatile solids, such as those in 
animal manure, are digested by bacterial 
action. Composting may be done under 
anaerobic and / or aerobic conditions. The 
aerobic method is most commonly used 
to eliminate odors and reduce the volatile 
solids, as rapidly as pOSSible, to a stable 
state. 
Aerobic composting of animal wastes 
is improved by regulating the moisture at 
45 to 50 percent. Biological activity 
increases as the temperature of the com-
post increases. Optimum temperature for 
composting range from 120 to 160°F. 
Under controlled moisture, temperature, 
and aeration conditions, composting time 
may be reduced. 
Once the compost becomes stabilized, 
it is relatively odorl~ss and may be stored 
without attracting flies or rodents. Also, 
most of the pathogens have been killed 
TABLE 3. Results of feeding CLW to breeder 
crossbred heifers. 
Treatment 
Alfalfa control 
Composted CLW 
Mechanically 
composted CLW 
130-day intervals. 
Gain per day by perlods1 
Utah State University, 1981 
1 st 2nd 3rd 4th 
Ibl. Iba. Ibl. Ibl 
1.17 0.50 1.25 0.57 
0.60 0.73 2.13 0.60 
0.90 1.03 2.60 0.66 
during the composting process. The final 
compost has a volume of approximately 
one-fifth to one-fourth that of the initial 
waste. 
Composting of cage layer waste has 
gained attention in Utah with two different 
methods. One being the "natural" method, 
the droppings are removed from a layer 
house and piled in a row about three feet 
deep and eight feet wide. This process 
has been developed by Howlett Egg 
Farms near Elberta, Utah. To duplicate 
their program there must be at least three 
conditions met: 
1. Manure must be low in moisture; 
approximately 50-53 percent (normal 
70 percent). 
2. The farm must be located in an area 
that has extremely low rain fall . 
3. The temperature must be relatively 
warm. Manure can only be processed 
four or five months out of the year 
because of moisture and cool weather. 
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TABLE 4. Rnulta of feeding CLW to breeder 
crossbred h ........ 
Treatment 
Alfalfa control 
Composted CLW 
Mechanically 
composted CLW 
Gain per day for 120 days 
Utah Stat. Unlvenlty, 1981 
Average Percent 
Gain/Day om. 
Ibs. 
.87 
1.02 
1.30 
17 
49 
TABLE 9. Effect of feeding proce •• ed cag. 
layer waste on feed COlt' per 
dozen egp, 1982-83. 
Feed/ Ell Feed COlt/Doz. Egg. 
W .... Doz Valu. allowed for watt. 
Level Egp 0 1$/' 4$/' 
~ lbe. $/doz $/doz 4$/1 
0 3.43 26.8 26.8 26.8 
5 3.62 27.1 27.3 27.8 
10 3.743 26.8 27.2 28.3 
15 3.89 26.6 27.2 29.0 
'Ingredient cost only. 
TABLE 5. Reeulta of feeding mechanlcaHy compoated lay. w .... (MCLW) to broiler chlcka. 
0-3 Weeka, USU, 1981 
DIet 
Basal 
+5% MCLW 
+10% MCLW 
Replication. Gain 
465 
477 
465 
Feed/Gain 
1.61 
1.65 
1.65 
Difference In Feed/Gain 
+2.5 
+2.5 
TABLE 8. Reeulta of feeding MCLW to broiler chick •. 
3-8 Weeka, USU, 1981 
Difference 
Gain Feed/Gain In Feed/Gain 
Diet Exp.1 Exp.2 Exp.1 Exp.2 Exp.1 Exp.2 
gm gm 
Basal 1030 1084 2.06 2.22 
+5% MCLW 1079 1042 2.13 2.36 +3.4 +6.3 
+10% MCLW 1082 1114 2.16 2.36 +4.0 +6.3 
TABLE 7. Reeulta of feeding mechanically composted cag. layer watt. and two protein lev ... on 
egg production,' 1981-82. 
Parameters M .... red 
Hen-day production, % 
Mortality, % 
Feed consumption, g/ day 
Feed/doz. eggs,lbs/dol. 
Body weight, g 
Egg weight, g 
Egg specific gravity 
15~ Protein 
85.8 
7.5 
110.7 
3.41 
1764. 
60.3 
1.0747 
+1~MCLW 
86.4 
6.0 
118.8 
3.63 
1856. 
62.6 
1.0744 
1~ Protein 
85.0 
7.8 
112.0 
3.48 
1858. 
61.0 
1.0749 
+1~MCLW 
85.2 
6.7 
119.5 
3.70 
1921 . 
63.5 
1.0747 
TABLE 8. Reeulta of feeding different lev ... of mechanically compoated cage layer wute on 
egg production,' 1982-83. 
1 
~ 
The other method is a mechanically com-
posted method. The basic machine and 
procedure for mechanical composting 
was developed by a group in Michigan 
about five years ago. They have patented 
their process but have had some prob-
lems in getting the process to work under 
varied field conditions. About four years 
ago they gave Utah State University a 
small machine to conduct experiments. 
The objective was to produce composted 
cage layer waste for feeding trials. We 
have modified their procedure and made 
some major improvements. We are now 
able to compost fr~;)h cage layer waste 
into a dry product that would be suitable 
as a feed ingredient. The mechanical 
composting process requires about thirty 
hours for complete processing. The pro-
cess appears to have commercial appli-
cations, when the moisture can be 
adjusted to about 46 to 48 percent and 
the air flow and temperature are con-
trolled. The high moisture content of cage 
layer waste is still the limiting factor for 
broad application. 
Nutritional Values 
Animal wastes have nutritional value. 
Table 1 shows the composition of poultry 
wastes. Many variables in collection and 
harvesting of manure, such as length of 
time between collection and conditions 
within the house, affect nutritional values, 
especially the nitrogen content. Nitrogen 
is reduced by about fifty percent in a 
thirteen-week accumulation of waste (see 
Table 2). The mineral content is relatively 
stable. The waste that has been used in 
the feeding trials is defined as fresh mater-
ial (three to seven day collection). When 
manure is harvested at this interval, the 
odors are minimal and it doesn't appear to 
be as corrosive as had been expected. A 
three-to-four day cleaning cycle should 
not allow flies to reproduce even in the 
summer and would help in a fly control 
program. 
Many workers have shown that dehy-
drated poultry waste has value for feeding 
to ruminants, which can metabolize the 
non-protein nitrogen in waste such as uric 
acid. Chickens excrete nitrogen in the 
form of uric acid. Workers have shown 
that uric acid is more efficiently used than 
urea by ruminant animals. 
Naturally composted cage layer waste 
(CLW) and mechanically composted cage 
layer waste (MCLW) were evaluated in an 
experiment utilizing beef replacement 
heifers. Fifteen head of crossbred heifers 
averaging 585 pounds were randomly 
divided into three treatment groups of 
equal weight. Treatments consisted of (1 ) 
control (alfalfa), (2) composted cage layer 
waste (CLW), and (3) mechanically com-
posted cage layer waste (MCLW). 
Diets consisted of corn silage and three 
pounds of chopped alfalfa hay for the con-
trol group, with composted cage layer 
waste (CLW) and mechanically com-
posted cage layer waste (MCLW) replac-
ing alfafa hay for treatments two and 
three. The diets were formulated to give 
daily gains of 1-11A Ibs. per day, per head. 
The cattle were fed once daily in the 
morning. The corn silage was fed first, 
alfalfa and CLW and MCLW were th~n 
sprinkled on top and mixed with silage. 
The trial was conducted for 120 days with 
the cattle being weighed every thirty days. 
Results of the feeding trial, by thirty-day 
intervals, are shown in Table 3. During the 
first month of the trial, the cattle fed the 
corn silage-alfalfa mix outgained those 
fed either CLW or the MCLW. This would 
indicate that the cattle must adjust to eat-
ing these products. In observing the cattle, 
it was noted that the cattle would sort out 
the CLW and the MCLW even after careful 
mixing. Heifers receiving the CLW were 
the slowest to accept the experimental 
diet. 
By the time the trial was concluded, the 
cattle on CL Wand MCL W were outgain-
ing those on the alfalfa-corn silage diet. 
Overall gains for the 120-day feeding 
period are shown in Table 4. This table 
shows that the cattle fed MCLW gained 
more weight, followed by CLW. The cattle 
fed corn silage-alfalfa mixture had the 
slowest rate of gain. 
In another study with Howlett Farms, dif-
ferent objectives were approached: (1) to 
determine if the naturally composted cage 
layer waste could be made into a protein 
range block and (2) to observe the effects 
of feeding composted waste as a supple-
ment for cow-calf herd. Blocks were made 
containing 10,20, and 30 percent CLW. 
Under the conditions used in manufactur-
ing the blocks, the thirty percent level was 
about as high as could have been incor-
porated. Two tons of each level were 
manufactured and the finished product 
was returned to Howlett Farms for testing 
of palatability and performance in January 
of 1981. There were no observable differ-
ences in acceptance by range beef cow 
of the blocks, thirty percent was just as 
acceptable as ten percent. The animals 
were on a poor quality range. The cows 
consumed about one and one-half 
pounds of the block per day. The feed 
supplement blocks were replaced in 
March with a mixture of barley, com-
posted cage layer waste, and salt. This 
was fed free choice in mash form and was 
readily accepted by the cows. It was 
necessary to leave the cows on a range 
conSisting of dry wheat grass (Bromus 
teetarum) after the initial spring growth 
was gone. The range was extremely poor. 
They decided to feed the cows the same 
supplement they had been receiving dur-
ing the winter. Figures 1-3 will best show 
the results. Each pair of cows and calves 
consumed about 1 Y2 to 2Y2 pounds per 
day depending on the condition of the 
range. The calves were born during 
March, April, and May. They were weaned 
November 19, the steers averaged 505 
pounds and the heifers 450 pounds. There 
were no health problems traceable to 
feeding poultry waste. The cows were in 
very good condition and about 20 out of 
100 cows calved in December. In pre-
vious years, prior to supplementing, the 
range calves weighed about 350 pounds 
at weaning and the calves were two 
months older, also the cows were very 
thin. These were the same cows, kept on 
the same range and basically under the 
same circumstances as the year that the 
supplement was fed. 
The real test of a product such as com-
posted 'poultry waste is if it can be fed to 
young fast growing broiler type chicks 
without health or negative problems. Tests 
have been conducted with the feeding of 
MCLW to broilers. Some adjustment was 
made in the diet for protein and minerals, 
but no allowance was made in the diet for 
the reduction of energy due to addition of 
poultry waste. The results are summarized 
in Tables 5 and 6. The results from 0 to 
thre~ weeks (Table 5) indicated that rate 
of gain was not reduced by the addition of 
five or ten percent MCLW; about three 
percent more feed was required per unit 
of gain. The results from three to six 
weeks (Table 6) show that rate of gain 
was not reduced by addition of either five 
or ten percent MCLW; about five percent 
more feed was required per unit of gain. 
There were no apparent negative health 
problems that could be associated with 
feeding MCLW to young birds. 
Two experiments have been conducted 
with feeding MCLW to egg producing type 
chickens to determine its effect on the 
health of the bird as well as other produc-
tion parameters. The first experiment in 
1981-82 consisted of feeding ten percent 
MCLW in diets containing two protein lev-
els. Adjustments in calcium and protein 
content were made but no allowance for 
the difference in energy content was 
made. The effective calculated protein 
level in MCLW used was ten percent. The 
second experiment in 1982-83 consisted 
of feeding zero, five, ten , and fifteen per-
cent MCLW. The results are shown in 
Tables 7 and 8. There were no apparent 
negative health problems associated with 
feeding of MCLW. Feeding up to fifteen 
percent waste did not reduce egg produc-
tion or increase mortality. The egg (size) 
weight increased in groups receiving the 
five and ten percent MCL W levels but not 
in groups receiving the fifteen percent 
level. The body weight of the birds 
increased also at the five and ten percent 
levels but not in the birds receiving the 
highest level. The feed consumption 
increased in all treatments receiving 
MCLW. Feed consumption showed a sig-
nificant linear increase as the level of 
waste increased. 
The influence of MCLW on feed costs 
to produce eggs is given in Table 9 from 
the 1982-83 experimental results. The 
feed costs of producing a dozen eggs are 
shown with a given value of waste from 
zero, one, or four cents per pound. Even 
with zero value given to MCLW, the addi-
tion of waste to the diet has marginal 
value. If a value of one or more cents per 
pound of waste is used, there is added 
cost to produce a dozen eggs. Therefore, 
there is no reduction in costs of producing 
eggs with the usage of MCLW in diets of 
hens producing eggs. 
In summary, cage layer waste can be 
processed into a feed ingredient that can 
be utilized by the ruminant animal more 
efficiently than poultry. There were no 
apparent health problems from feeding 
processed waste to ruminant animals or 
to poultry. There must be an adjustment 
period for ruminant animals to adjust to 
diets containing waste. There appears to 
be an economic opportunity to supple-
ment low quality ranges with processed 
cage layer wastes in various forms. Cage 
layer waste recovery is still limited by the 
high moisture content of the natural 
product. 
REFERENCES 
Anthony. W. B .• 1980. Waste Refeeding: S1ate-of-the-Art. From: 
Livestock Waste: A Renewable Resource. The Proceed-
ings of the Fourth International Symposium on Livestock 
Wastes. p. 61 . 
Bhattacharya, A. N .• and Taylor. J. C .. 1975. Recycling Animal 
Waste as a Feedstuff: A Review. J. Animal Science; 41 . 
1438-1457. 
ABOUT THE AUTHORS 
Jay O. Anderson, professor, ADVS Dept., 
retired . 
Donald C. Dobson, associate professor, ADVS 
Dept.; State Extension Poultry Specialist for 
Utah. 
Norris J. Stenquist. professor, ADVS Dept.; 
State Extension Livestock Specialist for Utah. 
WINTER 1984 117 
PANTOTHENIC ACID 
IN THE HUMAN DIET 
Pantothenic acid, a B vitamin, is impor-tant for its biochemical roles as a 
structural component of coenzyme A 
(CoA) and acyl carrier protein (ACP). 
These pantothenate derivatives transfer 
acyl groups through the terminal sulfhy-
dryl ends by forming thiol esters in more 
than 70 different reactions. Both CoA and 
ACP mediate the energy metabolism of 
carbohydrate, lipids, and amino acids. 
They are also involved in the biosynthesis 
of such vital compounds as cholesterol, 
bile acids, acetylcholine, ketone bodies, 
and porphyrines. 
Despite its important biochemical roles, 
pantothenic acid nutriture in human 
beings has been rarely evaluated for sev-
eral reasons. First, there has been a lack 
of interest concerning pantothenic acid 
requirements in humans. Since panto-
thenic acid is ubiquitous in nature, an 
overt dietary deficiency has not been clin -
ically recognized in man except when a 
metabolic antagonist, omega-methyl 
pantothenic acid, was administered 
(Hodges et aI., 1959) or when a panto-
thenic acid free semi-synthetic diet was 
given for 10 weeks (Fry et aI., 1976). 
Second, the methodology available for 
determining pantothenic acid has been 
very tedious and time consuming, and 
comparison of results from different labora-
tories has been inconsistent. Third, means 
of detecting and evaluating a pantothenic 
acid deficiency are limited. Since CoA, an 
active form of pantothenic acid in tissue, 
plays vital roles in so many different 
enzymatic reactions, it has not been easy 
to isolate a single metabolic step than can 
reflect pantothenic acid nutritional status. 
The symptoms of pantothenic acid defi-
ciency induced experimentally in human 
beings were wide spread. Neuromuscular, 
cardiovascular, gastrointestinal, immuno-
logic and psychiatric alterations occurred. 
Disturbed biochemical functions included 
acetylation, steroid hormone secretion 
and failure of ACTH to induce eosino-
penia. Deficiency symptoms have also 
been observed in animals (Hurley et aI., 
1965). These included infertility, abortion, 
frequent neonatal death, retarded growth 
rates in young animals, sudden death, 
abnormalities in skin, hair and feathers, 
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neuromuscular disorders, gastrointestinal 
malfunction and adrenal cortical failures. 
The extent to which suspected synthe-
sis of intestinal microflora contributes to 
body needs is unknown. The result of bal-
ance studies indicated urinary plus fecal 
pantothenic acid excretion slightly 
exceeded the dietary intake but was 
inconclusive (Gardner et aI., 1943). 
Concerns About Pantothenic Acid in 
Human Diet 
Human nutritionists today are concerned 
about the nutritional status of this vitamin 
for several reasons. First, the Food and 
Nutrition Board of the National Academy 
of Sciences and National Research 
Council for the first time in 1980 recom-
mended an Estimated Safe and Adequate 
Daily Dietary Intake for pantothenic acid. 
They suggested an intake of 4-7 mg a day 
for adults and an undefined "a higher" 
amount for pregnant and lactating women. 
Estimated adequate intakes for other age 
groups are based on their proportional 
enegy needs. More complete scientific 
data on the human requirement is 
required so that the tentatively suggested 
intake can be further refined and sug-
gested as an RDA. Second, food supply 
patterns have changed. Americans today 
consume more refined and processed 
foods which contain substantially less 
pantothenic acid than the original foods. 
We have more available formulated foods, 
food analogs and vitamin and mineral 
supplements which may increase the risk 
of deficiency and toxicity. Pantothenic 
acid loss during processing is significant 
and can be as high as 70 percent in frp-
zen meat and 80 percent in canned 
legumes (Schroeder, 1971). Loss of the 
vitamin in dairy products during process-
ing and storage is about 30-35 percent. 
Pantothenic acid content of breads and 
cereals is reduced to 50 percent of the 
original content when it is milled to 70 
percent extraction flour. The vitamin is 
stable in neutral solution but is readily 
destroyed by heat at either alkali or acid. 
Third, the food consumption pattern has 
been changed with increased intake of 
sugar, fat, and alcohol which contain neg-
ligible amounts of pantothenic acid and 
high calories. Simultaneously the public 
has been limiting their energy intakes 
rather than changing food consumption 
patterns. 
Pantothenic Acid Status of Elderly 
Utahn Population 
Pantothenic acid status of human beings 
has been commonly evaluated by use of 
data on estimated dietary intake and the 
vitamin levels in blood and urinary excre-
tion. Yet researchers in the area had to 
surmount many existing problems includ-
ing tedious and less accurate methodol-
ogy available, lack of data on pantothenic 
acid content in foods and insensitive 
indexes for nutritional status. Our labora-
tory is one of the few labs in the world 
which are actively involved in the 
research on pantothenic acid. We have 
develop~d a radioimmunoassay (RIA) for 
pantothenic acid (Wyse et aI. , 1979), iso-
lated an enzyme, pantetheinase, that spe-
cifically releases free pantothenic acid 
from bound forms (Wittwer et aI. , 1982) 
and extended the determination of the 
pantothenate content in foods (Walsh et 
aI. , 1981). With the new methods and 
compiled data, we have been able to 
evaluate pantothenic acid status in 
Utahns efficiently (Table 1). 
In 1981 pantothenic acid nutritional sta-
tus was studied in the elderly group, 65 
years of age or older, both the institutional-
ized and non institutionalized, in Utah by 
Srinivasan et al. (1981 ). The study was 
conducted because nutritional vulnerabil-
ity of elderly individuals had been widely 
recognized and the group had never been 
assessed for their pantothenic acid status. 
In the study, each subject partiCipated by 
donating a fasting blood sample, a 24-
hour urine specimen and a food consump-
tion record along with food samples for a 
week. Radioimmunoassay was used for 
analysis of pantothenic acid in all food 
and biological samples. We found the par-
ticipants, who were residents of Logan 
City and neighboring area, had similar 
values of hematological, anthropometric 
and dietary parameters as the elderly 
populations in other studies. The average 
(range) dietary intake of pantothenic acid 
of the elderly population studied was 5.9 
mg/day (2.5-9.5 mg/day) with institution-
alized and noninstitutionalized subjects 
having a similar intake of 2.9 mg / 1,OOO 
kcal. Institutionalized elderly males and 
females were consuming 2,237 and 1,962 
kcal, respectively while their noninstitu-
tionalized counterparts were consuming 
2,201 and 1,887 kcal. Ninety-one percent 
of the population studied consumed 4 mg 
of pantothenic acid or more daily from die-
tary sources. Pantothenic acid from 
vitamin supplements plus dietary sources 
ranged from 2.5 to 122.4 mg/ day. A panto-
thenic acid supplement was consumed by 
26 percent of the non institutionalized and 
19 percent of the institutionalized group. 
Subjects who consumed less than 4 
mg/ day, which is the lower limit of the 
Safe and Adequate Daily Dietary Intake, 
were 9 percent of the population studied. 
Blood pantothenic acid values between 
the non institutionalized (537±27.4 ng / ml) 
and the institutionalized (615±47.3 ng / ml) 
were comparable. Urinary pantothenic 
acid excretion of the institutionalized 
elderly (7.5±1.3 mg/ g creatinine) was 
comparable to the excretion level of the 
non institutionalized subjects (5.9±0.6 
mg / g creatinine). Those consuming panto-
thenic acid supplements had significantly 
higher excretion levels. In conclusion, we 
observed a large individual variation in all 
parameters and no significant difference 
between the two groups. The mean die-
tary intake was within the range of Esti-
mated Safe and Adequte Daily Dietary 
Intake for adults although 9 percent of the 
subjects consumed less than the lower 
limit of the recommendation for adults. 
Pantothenic Acid StatuI of Utah Women 
In 1982, pregnant and lactating women in 
Utah were evaluated for their pantotheniC 
acid status (Song, 1983). The study was 
conducted because no similar research 
had been reported in this country. Studies 
on the effects of pantotheniC acid defi-
ciency during pregnancy in rats and in 
guinea pigs reported a variety of compli-
cations and defects in both mothers and 
litters. 
W. O. SONG, B, W, WYSE, and R. G. HANSEN 
Subjects in the study participated longi-
tudina"y at three stages beginning with 
the third trimester of pregnancy and until 3 
months postpartum. Data were collected 
on dietary intake based on reported 
records, blood and plasma levels and uri-
nary excretion of pantothenic acid. The 
dietary record was analyzed by use of a 
data tape named NUTREDFO developed 
by Utah State University with a contract 
with USDA. Daily mean pantothenic acid 
intake of the nutritionally high risk group 
was 5.6 mg/day with an average of 2.75 
mg per 1000 kcal (Table 2). Interestingly 
the pantotheniC acid intake of pregnant! 
lactating subjects was not significantly dif-
ferent from 4.8±1.6 mg/day of non-
pregnant/non-lactating women. Panto-
thenic acid intake during pregnancy was 
not significantly different from that during 
lactation. This suggests that women in 
general do not change their eating habits 
during pregnancy nor during lactation. 
The dietary pantothenic acid intake per 
1 000 kcal energy consumption of the 
women (2.75 mg/ 1 000 kcal) was com-
parable with 2.9 mg/1000 kcal of the 
elderly population in Utah. Of the total par-
ticipants in the study, an average of 26 
percent consumed less than 4 mg of 
pantothenic acid a day, which is the lower 
limit of the recommendation for normal 
healthy adults and 23 percent had more 
than 7 mg / day, which is tentatively sug-
gested intake for the nutritionally high risk 
group. A few individuals consumed large 
quantities of pantothenic acid supple-
ments, ranging from 3.3-102 mg/day, 
often as brewer's yeast. All of the preg-
nant women consumed prenatal multivita-
mins and mineral supplements but none 
contained more than 1 mg pantothenic 
acid per capsule. 
Dietary intakes of macronutrients and 
energy did not differ from those of national 
report (Hanes, 1971 -74). The daily mean 
intake of most vitamin and minerals for 
which ADA are established were above 
the standards except for folic acid, mag-
nesium, iron, and zinc. These findings are 
supported by other studies. 
Blood levels of the pregnant! lactating 
women were Significantly lower than those 
of the control women (Table 3). Interest-
ingly, we observed the depressed blood 
vitamin level during pregnancy was signi-
ficantly increased during the postpartum 
period from that during pregnancy. This 
may be explained by hemodilution or 
increased needs of the vitamin during the 
third trimester of pregnancy as observed 
in a guinea pig study (Hurley et aI., 1965). 
The fasting plasma pantothenic acid 
levels did not significantly differ between 
the groups and among the stages. This 
result suggests that the vitamin level in 
the fasting plasma does not sensitively 
reflect human nutritional status. 
Urinary pantothenic acid excretion of 
pregnant women in this study did not differ 
from that of the non-pregnant/ non-
lactating women. As expected, the mean 
urinary pantothenic acid excretion of the 
subjects who consumed pantotheniC acid 
supplements were significantly higher 
(12.12±5.80 mg/day) than that of the 
unsupplemented participants. We suggest, 
based on the marginally lower dietary 
pantothenic acid intake and lower blood 
pantothenic acid level of pregnant women 
in the study, that pregnant and lactating 
women in Utah need to consume more 
pantothenic acid. This may be achieved 
by a very careful food selection or by an 
increased caloric intake, if desirable. Sup-
plementation with the vitamin, however, 
may not be necessary for the Utahans 
who have easy access to abundant fresh 
fruits and vegetables and whole wheat 
products. Pantothenic acid preparations 
and analogs (e.g., pantoic acid and 
"vitamin B5") which are commonly avail-
able in health food stores should not be 
recommended. Their bioavailability and 
function are unproven. 
Pantothenic Acid Content In Human Milk 
The proportion of breast-fed infants in 
Utah is generally known to be higher than 
the national average. In fact, 26 subjects 
of the total 29 pregnant women in the 
above-mentioned study chose to nurse 
their infants when no influence was given 
by the researcher as to the infant feeding 
method. 
This study was conducted because 
there were only a few reports on the pan-
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tothenic acid content in human milk, the 
majority of which, however, was com-
pleted abroad and others were reported in 
the United States more than 30 years ago. 
In our study (Song et aI. , 1984), human 
milk samples were collected at the begin-
ning (fore milk) and at the end (hind milk) 
of the first feeding of the day from the 26 
nursing subjects who had delivered full-
term infants at 2-week and at 3-month 
postpartum. 
On the other hand, milk samples from 
mothers who had delivered preterm 
infants were collected by the subjects at 
their home and reached to the researcher 
through the University of Utah Medical 
Center. 
Pantothenic acid content of the milk 
samples was analyzed by radioimmuno-
assay after an extensive validation of 
sample preparation techniques. We found 
in the study that preterm milk contained a 
significantly higher amount of pantothenic 
acid than full-term milk (Table 4). No sig-
nificant change was observed in panto-
thenic acid content within a feeding or 
with the progress of nursing in both 
groups. Although a large individual varia-
tion was observed, the pantothenic acid 
content in human milk was moderately (r-
0151) correlated with maternal dietary 
intake and with the vitamin levels in mater-
nal circulation (blood, r-0.21; plasma, r-
0.23) and with urinary excretion (r-0.57). 
Pantothenic acid supplementation 
resulted in a higher level of the vitamin in 
milk even though the sample size was too 
small for statistical significance. 
Assuming that an infant receives 
approximately 850 ml of milk a day during 
the first three months of life, the amount of 
the vitamin consumed by the infants of 
unsupplemented mother in this study 
would be equivalent to 2.2 mg/ day. This 
amount of intake is slightly higher than the 
Estimated Safe and Adequate Daily Die-
tary Intake of 2.0 mg/day suggested for 
the group. The pantothenic acid content 
of human milk from term mothers taking 
no supplement in this study (2.56 ug/ml) 
is slightly higher per volume than the min-
imal requirement of the Infant Formula Act 
of 1980 ('2.0 ug/ml). 
Interestingly, we also found the level of 
pantothenic acid in human milk is 5 times 
higher than that in whole blood and 23 
times higher than those in maternal 
plasma. Similar phenomena of concentrat-
ing vitamins by the mammary gland have 
been observed. The ratio, however, was 
much larger for pantothenic acid than for 
other water-soluble vitamins. 
One of our on-going research projects 
is to evaluate the pantothenic acid nutri-
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TABLE 1. Dietary Intake, blood level and urinary excretion of pantothenic acid In Utah 
elderly population. 
Number of Intake Whole Blood level Urinary excretion 
Group Analyses (mg/day) (mg/ml) (mg/g creatinine) 
Non-institutionalized 
pantothenate 
supplemented 17 22.7±6,4 557.0±121 .0 13.7±2.3* 
unsupplemented 48 5.8±0.2 533.0± 22.5 5.9±0.6 
Institutionalized 
pantothenate 
supplemented 5 23.6±2.2 721 .0±108.1 15.5±4.6 
un supplemented 21 5.9±0.3 583.0± 51 .9 7.5±1 .3 
Adapted from Srinivasan et at (1981 ). 
Mean ± Standard Error of Mean. 
'Supplemented vs. un supplemented non institutionalized p < 0.01 . 
TABLE 2. Estimated dally nutritional Intakes of pregnant, lactating and control women. 
Group Pregnant Lactating Control 
Observation (n)* " = 26 " = 46 " = 47 
Energy (kcal) 2072 ± 467t 2014 ± 620 1800 ± 828 
Protein (gm.) 81 19 79 ± 26 71 ± 23 
Fat (gm.) 86 ± 26 92 ± 30 73 ± 28 
Carbohydrate (gm.) 252 ± 58 241 ± 70 216 ± 138 
Calcium (mg.) 1390 ± 750 1243 ± 595 965 ± 390 
Magnesium (mg.):!: 364 ± 120 317 ± 101 313 ± 162 
Phosphorus (mg.) 1522 ± 487 1446 ± 563 1273 ± 407 
Vitamin A (I.U.) 10197 ±5894 9627 ±5206 9839 ±8169 
Thiamin (mg.) 2.6± 1.3 2.1± 1.1 1.4± 0.8 
Riboflavin (mg.) 3.4± 1.5 2.8± 1.4 2.0± 1.2 
Niacin (mg.) 97 ± 107 70 ± 90 58 ± 52 
Pyridoxine (mg.) 3.7± 3.0 3.0± 2.7 1.9± 1.2 
Vitamin 812 ( g.) 9.3± 6.9 7.5± 5.7 5.8± 9.9 
Ascorbic acid (mg.) 238 ± 91 199 ± 129 161 ± 106 
Folic acid ( g.):t: 704 ± 488 532 ± 419 311 ± 165 
Potassium (mg.) 3206 ±1021 2925 ±1181 2592 ±1157 
Iron (mg.):t: 33 ± 29 26 ± 24 17 ± 12 
Sodium (mg.) 2769 ±1629 2251 ± 850 2465 ±1133 
Zinc (mg.):t: 13 ± 6 12 ± 5 10 ± 3 
Pantothenic acid (mg.) 5.3± 1.7 5.9± 2.0(n=46)* 4.8± 1.6(n=47)* 
31 .1± 36.9(n=6)# 55.1± 81 .0(n=4)# 
5.3± 1.7 8.8± 11 .6(n=52)§ 9.7(n=51)§ 
Adapted from Song (1983) 
·Subjects taking no or less than 1.0 mg supplemental pantothenic acid daily (unsupplemented group); observation number(n). 
t Mean ± standard deviation. 
t:0ietary taking more than 1.0 mg supplemental pantothenic acid daily (supplemented group). 
§Mean intake of all subjects in the group (both supplemented and unsupplemented groups). 
TABLE 3. Mean pantothenic acid levels in blood, plasma, and urinary excretion of subjects 
taking no pantothenic acid supplement. 
Group Phase I 
Control 
blood (ng/ ml) 534.21 ±20.60· 
plasma (ng / ml) 117.51 ± 6.20 
urine (ng/day) 3.00± 0.58 
experimental (pregnant! 
lactating women) 
blood (ng/ml) 
plasma (ng/ml) 
urine (ng/day) 
Adapted from Song (1983). 
' Mean ±. standard deviation. 
404.16±15.81 t 
108.93± 4.76 
3.26± 0,44 
Phase II 
525.19±19.79 
112.68± 5.96 
444.81 ±17.36t 
112.91 ± 5.23 
t Significantly (p < 0.05) lower than those of the control group. 
- Samples were not collected. 
Phase III Average 
516.97±20.69 525,46±12.01 
103.81 ± 6.23 111 .33± 3.62 
2.13± 0,40 2.59± 0.17 
451 .26±17.11 t 433,41 ± 9.96t 
102,46± 5.15 108.10± 3.00 
2.65± 0,48 3.29± 0.23 
Phase I. II. II ascribe the 3rd trimester of pregnancy. 2 week postpartum and 3 month postpartum of experimental group. 
ContrOl: non-pregnant and non-lactating women. 
Experimental: pregnant women who partiCipated at the three phases. 
tional status of Utah adolescents. Approx-
imately one-hundred girls (ages 13-17) 
and boys (ages 14-21) will be recruited 
through high schools in Logan and sur-
rounding areas. The volunteers will be 
oriented by a researcher, Brenda Eissen-
stat, for the research plan and their 
responsibilities. Pantothenic acid intake 
will be calculated from a 4-day dietary 
record, and the vitamin levels will be 
determined in a fasted blood and 2-day's 
pooled urine samples. This research pro-
ject is planned to be completed by 
summer, 1985. 
The foods high in pantothenic acid con-
tent are listed in Table 5. In general, high 
protein foods, whole wheat grain, fresh 
vegetables, and fruits are good sources of 
the vitamin. 
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TABLE 4. Mean pantothenic acid content of term and preterm human milk. 
Fore Milk Hind Milk Combined 
Collection (Range) (Range) 
Group Period Number g/ml g/ml g/ml 
Term 
2 wk 22 2.73±0.61* 2.40±0.58 2.57±0.60 
postpartum (1 .75- 4.05) (0.95- 3.70) 
12 wk 24 2.54±0.72 2.55±0.73 2.55±0.73 
postpartum {1 .00- 3.71) p .00- 4.84) 
Mean 2.64±0.67 2.48±0.66 
Preterm 
<40wk 14 3.58±1.41 4.23±1 .67 3.91±1 .54t 
gestational age (1.72-7.27) (1 .71 - 6.67) 
>40wk 15 3.06±0.35 3.25±0.70 3.16±0.55t 
gestational age Mean 3.31 ±1 .01 t 3.72±1 .26t 
Adapted from Song et al. (1984). 
·X±SD. 
tSignificantly higher than that of term group (p < 0.05). 
TABLE 5. Pantothenic acid contents of foods (per 100 9 edible portion). 
< 1.0mg 
Avocado, raw 
Figs, dried 
Broccoli, raw 
Carrot, dehydrated 
Cauliflower, raw 
Kale, raw 
Mushrodm, raw, canned 
Pepper, mature, raw 
Cashew nuts 
Filberts 
Peanuts 
Pecans 
Buckwheat flour, dark 
Oatmeal, dry 
Heart, all kinds 
Kidneys, all kinds 
Liver, all kinds 
Liverwurst 
< 1.0 mg 
Ro~codorhaddock 
Lobster 
Cheese, blue 
Milk, dry 
Ice cream, vanilla 
Buttermilk, powder 
Egg, raw, cooked, dried 
Green peas, raw 
> 0.4mg 
Apricots, dried 
Dates 
Prunes, dried 
Asparagus, raw, frozen 
Collard, frozen 
Kale, frozen 
Chicken 
Pumpkin, canned 
Beans, mature 
Broccol i, frozen 
Brussel sprouts, raw, frozen 
Cauliflower, frozen 
Celery, raw 
Pepper, immature, green 
Sweet potato 
Almonds, dried 
Chestnut, fresh 
Walnuts 
Adapted from Orr, M. L., Pantothenic Acid Vitamin Bl and Vitamin B12 in foods. Home Economics Research Report No. 36. USDA, 1969. 
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> 0.4mg 
Crab, cooked, canned 
Lamb 
Pork, fresh, ham 
Rabbit 
Beef, lean 
Bran, all kinds 
Spleen, all kinds 
Clams 
Fish, all kinds 
Luncheon meat, canned 
Turkey 
Veal 
Cheese, Cheddar, Parmesan 
Barley, pearled, light 
Pretzels 
Bread, cracked wheat, rye, whole wheat 
Cereals, ready-to-eat, whole wheat 
Pie, custard, pumpkin 
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Fermented sausage products in which sugars are fermented to lactic acid 
are growing in popularity in this country 
due to pepperoni and other ethnic saus-
ages that are being used as pizza top-
pings or by themselves. The growth of the 
fermented (dry or semi-dry) sausages 
market was 3 percent for 1982 partly 
because of the 9 percent growth in the 
pizza market according to USDA figures 
for federally inspected red meat plants. 
Fermented sausage products offer a 
potential market for sheep and beef that 
are produced within this state. 
Fermented sausage products have 
been made traditionally from comminuted 
beef ingredients with the indigenous 
microflora of the beef ingredients or 
"back-slopping" from previous sausage 
batches providing the culture organisms. 
More recently, the use of lactic acid bac-
teria starter cultures has improved fer-
mented sausage quality by producing 
sausages with fewer batch failures and in 
a shorter period of time. 
Indigenous lactic acid bacteria offer the 
advantages of having been naturally 
selected for growth in the meat ingre-
dients being used. Starter cultures can be 
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added to the sausage formulations to pro-
vide a sufficient number of organisms to 
insure successful, repetitive batch 
fermentations. 
Mutton has the potential of being used 
more extensively as a fermented sausage 
ingredient. This meat has a saturated fat 
which is less subject to rancidity than beef 
fat and has good economic possibilities 
as a sausage ingredient. Utilization of mut-
ton as a fermented sausage ingredient 
would lower the cost, making fermented 
sausage available to more people and at 
the same time would command a 'greater 
price for mutton than producers are now 
receiving. 
Lamb and mutton consumption has 
dropped from 3.0 kg per capita (carcass 
basis) in the 1931-40 years to 0.7 kg per 
capita at the present time (Field et aI. , 
1983). Possible reasons given for this 
drop in meat consumption are as follows: 
1. price 
2. availability 
3. perceived high fat and bone to lean 
ratio 
4. the cholesterol content 
5. unpleasant experiences with lamb or 
mutton flavor 
6. habit or tradition 
7. unacceptance of lamb or mutton flavor 
by consumers in this country (Crouse, 
1983). 
Lamb and mutton fat contain both the 
species related flavor and high levels of 
saturated fatty accids (Cramer, 1983) 
which causes the fat to be harder than 
beef, pork, or poultry fats. Ram sex-related 
flavors have also been related to the 
strong lamb o'r mutton related flavor 
(Crouse, 1983) and diet contributes to 
these flavors as well (Field, et aI., 1983). 
Lamb and mutton flavors generally , 
increase with age (Field, et aI., 1983). 
The lamb/ mutton fat may not be a fla-
vor problem in many processed meats 
due to smoke, spices, and flavorings that 
can mask specie related flavor. Fer-
mented meats, many of which are highly. 
spiced, also may contain microorganisms 
that are capable of breaking down the fat 
and possibly improving flavor due to the 
lipases (fat splitting enzymes) they con-
tain. Fat from beef and pork can also be 
substituted for lamb/mutton fat. These 
ethnic related sausages are currently 
showing strong growth in this country. 
The sheep industry is one of the main 
agricultural industries within the state. 
According to 1980 USDA figures, Utah 
ranked 7th in the nation in the production 
of sheep and lambs with 507,000 head 
and 36th in the cattle and calf production 
with 840,000 head. Using mutton as a 
sausage ingredient will improve the 
market value for old ewes within the state 
and reduce the cost of fermented saus-
age products. The sheep industry in the 
state has been depressed for the last two 
years. A recent local newspaper article 
epitomizes the plight of Utah's sheep 
industry by saying that 47 cents/lb for 
lamb does not cover production costs 
which amount to 62 to 63 cents/lb. State 
production figures indicate a 10 percent 
drop in the state sheep herd between 
1980 and 1983. Increased consumption of 
lamb and mutton in processed meats is a 
top priority in helping this industry to sur-
vive within the state of Utah. 
Previous Work 
Production of fermented sausages usually 
involves a fermentation step to permit the 
production of lactic acid from sugars by 
lactic acid bacteria and a drying step to 
remove moisture from the sausage. The 
traditional or natural fermentation process 
with indigenous microflora takes from 3 to 
7 days, but the more recent starter culture 
process using frozen concentrates has 
reduced fermentation times to 15-20 
hours (Acton, 1977). Improvements in the 
natural fermentation process, however, 
have been made by controlling meat hold-
ing times and temperatures and adjusting 
salt levels to 3 percent which permits nat-
ural lactic acid microflora to proliferate 
(Palumbo et aI., 1976). 
Indigenous lactic acid microflora in mut-
ton and beef are very likely to be different 
due to meat composition differences pro-
duced by diet dissimilarities. Cultures iso-
lated in the natural fermentation process 
and cbmmercial starter cultures have the 
potential of producing and altering flavor 
related compounds (Bothast et aI. , 1973). 
Indigenous lactic acid bacteria may func-
tion better than starter cultures in produc-. 
ing lactic acid at a faster rate and yield 
compounds that enhance sausage flavor. 
In 1983, we completed the study on CUl-
tivating lactobacilli on beef or mutton 
using 1.5 or 3.0 percent sodium chloride 
(NaCI) and 5 or 10°C incubation for 5 or 
10 days. Sodium nitrite at the level of 120 
mg / kg of meat was added to each of the 
32 meat samples. More lactobacilli were 
cultivated on mutton than beef samples (1 
x 107 versus 2 x 104 organisms/ gm). 
Holding beef samples under anaerobic 
conditions at 5°C for 10 days with 1.5 
percent NaCI was optimal for growing 
lactobacilli while mutton samples pro-
duced more lactic acid bacteria at 10°C 
for 10 days with 1.5 percent NaCI. Differ-
ences were also found for lactobacilli 
selective media with MRS agar (Difco) 
producing higher plate counts than LBS 
agar (BBL). 
Fermented sausages offer potential for 
greater economic return on investments 
for mutton in either partial or total 
replacement of beef as the primary saus-
age ingredient. Mutton has been used 
successfully with beef to produce non-
fermented sausages such as frankfurters 
(Marshal, et aI., 1977). Fermented saus-
ages have excellent shelf-life because of 
their lactic acid content and low water 
activities. Semi-dry sausages require 
refrigerated storage because of their 45 to 
50 percent moisture content while dry 
fermented sausage with less than 35 per-
cent moisture do not require refrigeration 
(Acton, 1977). Lactic acid bacteria inhibit 
food pathogens and indigenous spoilage 
organisms in meat (Bartholomew and 
Blumer, 1980) and offer a "built-in" safety 
factor against food poisoning because of 
their antagonistic effects. 
Lamb and mutton specie related flavors 
are very closely related and can be used 
interchangeably. These flavors are 
thought to be produced by (1) the thermal 
reactions of adipose tissue precursors 
and/or (2) the reactions of adipose tissue 
precursors and muscle thermal degrada-
tion products. "Mutton" flavor is produced 
by the aroma from volatile compounds 
and the taste is produced by non-volatile 
compounds. Compounds that appear to 
be factors in producing mutton flavor are 
lactones, heterocyclic volatile com-
pounds, mercaptans, organic sulfides and 
9 and 10 carbon branched-chain acids. 
Lean lamb and mutton meats have very 
little "mutton" flavor which is found mainly 
in the fat (Cramer, 1983). 
Mutton flavor in the adipose tissue can 
be controlled in the following ways in pro-
cessed meats: 
1. Reducing fat to a level of 10 percent in 
processed products (Wenham, 1974; 
Anderson and Gillett, 1974; and Bren-
nand and Mendenhall , 1981). 
2. Using spices (Baliga and Madaiah, 
1970), smoking, and curing (Ogmunds-
son and Adalsteinsson, 1979) to mask 
the "mutton" flavor, and 
3. Modifying and/or destroying "mutton" 
flavor precursor compounds through 
chemical (e.g., formalin) (Kramlich, et 
aI. , 1973) or microbiological modifica-
tions (e.g., lipase or other enzymes). 
Objective 
The objective of this study was to deter-
mine the best methods for producing a 
mutton/beef fermented sausage. 
Methods 
Summer sausage is a semi-dry fermented 
sausage that is usually made from all beef 
meat ingredients with added starter CUl-
tures or indigenous microflora used for the 
fermentation step. 
Previous work in our laboratory had 
indicated that indigenous lactic acid bac-
teria microflora could be cultivated more 
readily by using 1 .5 percent NaCI versus 
3.0 percent NaCI (table salt) both with 120 
ppm sodium nitrite and holding the sam-
ples at 10°C (50°F) versus 4°C (40°F) 
under anaerobic conditions. In this study, 
we cultivated indigenous lactic acid bac-
teria by adding 1.5 percent NaCI and 120 
ppm sodium nitrite to the meat formula-
tions and then holding the samples aero-
bically in closed (ovac bags at 10°C 
(50°F) for 5 or 10 days. The lactic acid 
bacteria microflora was enumerated by 
standard plate counts on LBS agar (Lac-
tobacillus Selective agar from BBL) in 
anaerobic jars (BBL) after incubation for 
72 hours at 30°C (86°F). 
The frozen concentrated starter CUl-
tures for this study were obtained from 
A.B.C. Research Corporation, Gainesville, 
FL, 32608. We used Lactobacillus plan-
tarum (Lp 18) at a level of 6 x 107 bacterial 
gram of meat in the meat formulation for 
lactic acid production. Their Micrococcus 
starter was added at a level of 2 x 108 
organisms/g because its lipase enzyme 
affects the fat and product flavor. 
Three different meat formulations were 
used, each with the final fat content 
adjusted to 20 percent. The meat formula-
tions were all mutton, lean mutton (7.5 
percent fat) and beef fat (blend), and all 
beef. The standard raw summer sausage 
formulation is given in Table 1. 
The summer sausage was formulated 
by adding 1 .5 percent NaCI and 120 ppm 
to the meat initially and holding the sam-
ples to cultivate indigenous lactic acid 
bacteria at 10°C (50°F) or freezing the 
samples to which starter cultures would 
be added at - 30°C (_22°F) until used. 
The remaining ingredients were hand 
mixed with the meat having indigenous 
microflora or starter cultures were added 
along with the remaining ingredients to the 
thawed meat samples. The samples were 
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TABLE 1. Raw summer sausage formulation: 
Ingredient 
Meat 
Sodium chloride (table salt) 
Corn syrup sol ids 
Sucrose (table sugar) 
Ground black pepper 
Ground white pepper 
Garlic powder 
Monosodium glutamate 
Sodium nitrite 
Liquid Smoke 
% 
93.923% 
2.75 
1.5 
1.0 
0.23 
0.17 
0.01 5 
0.2 
0.012 
0.2 
100.000% 
then ground through a meat grinder with a 
0.64 cm (1 /4") grinding plate to give a 
final mixing to the sausage prior to stuff-
ing. The different sausages were stuffed 
into No. 2 Fibrous Mahogany Securex cas-
ings from Teepak, Inc., Chicago, IL. 
The fermentation step follows formula-
tion and requires that the sausages be 
held at 32°C (gO°F) and gO percent rela-
tive humidity for several hours until the pH 
of the sausage is between 4.8 to 5.2. We 
measured the acid production in the 
sausages by taking pH measurements 
with a pH meter at different time intervals 
during the fermentation . Slices approxi-
mately 1.27 cm (1/2") thick were cut from 
the bottom of the sausages, blended with 
1 00 ml (3.38 fl. oz.) of water and then the 
pH was measured (see Figure 1). The pH 
measurements can also be made with pH 
paper or by noting the toughening of pro-
duct texture that occurs as the meat pH 
drops below the isoelectric point (5.3-5.5) 
which is where the meat proteins are least 
soluble and toughest. The isoelectric point 
is also where most meat has its poorest 
water binding capacity and some meat 
proteins are denatured. When the saus-
ages reached a pH of 5.0 they were 
removed from the smokehouse and 
refrigerated until the cooking step. The 
sausages were cooked in the smoke-
house at 68°C (155°F) and 66 percent 
relative humidity to a final internal temper-
ature of 140°F. The cooked sausages 
were cooled in a cold water shower for 5 
minutes and then covered and held in a 
O°C (32°F) cooler. 
A consumer preference taste panel was 
used to evaluate the finished products 
and appropriate statistical analyses were 
utilized to analyze the data. 
Results and Discussion 
Natural lactic acid bacteria were success-
fully cultivated using 10°C, 1.5 NaCI, and 
5 or 10 days in the closed Cryovac bags. 
LBS place counts were lowest for the all 
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mutton sausages versus the all beef and 
mutton / beef blends (Figure 3). The differ-
ences between 5 and 10 day samples 
were most notable for mutton where the 
10 day sample had 6.5 times the bact~ria 
of the 5 day samples. 
The plate counts are the average of 
duplicate samples for each treatment. The 
5 day samples did not have any off-odors 
or mold spoilage as did most of the 1 0 day 
samples which were held under aerobic 
conditions. This spoilage problem was not 
encountered in a previous study because 
the meat was vacuum packaged (unpub-
lished data). 
Because of the spoilage problem 
encountered with the 10 day samples, we 
recommend that only the 5 day incubation 
at 10°C be used for samples held aero-
bically in closed containers. The sodium 
nitrite and sodium chloride inhibited the 
non-lactic acid bacteria microflora for 5 
days but not for 10 days incubation. 
Definite differences were observed in 
the fermentation step for the natural bac-
teria versus the starter culture samples 
(Figure 4). Each of the data pOints in Fig-
ure 4 is an average of duplicate sausage 
samples. Sausages with starter cultures 
added had a fermentation time of 12 
hours, whereas indigenous lactic acid 
bacteria samples required 18-26 hours to 
reach an end point of pH 5.1 possibly due 
to different acid producing capabilities. 
The 5-day mutton sausages with indig-
enous lactic acid bacteria apparently had 
the longest endpoint fermentation time of 
26 hours because these samples also had 
the lowest level of lactic acid bacteria of 4 
x 106 per gram of meat at the start of the 
fermentation period (see Figure 3). 
Samples of the finished summer saus-
ages are pictured in Figure 2 with all mut-
ton on the left, mutton/beef blend in the 
middle and all beef on the right. Sixteen 
taste panelists rated four sausage sam-
ples for appearance, flavor, texture and 
overall acceptability on a scale of 1 (dis-
like extremely) to 10 (like extremely). The 
taste panel also specified whether the 
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sample was beef or mutton. The following 
were sampled: mutton + starter, mutton 5-
day, blend 5-day and beef 5-day saus-
ages. The taste panel rated the four saus-
ages as being significantly different (p = 
.05) for appearance, flavor, and texture 
(Table 2), but overall acceptability was not 
significant. Mutton + starter and mutton 5-
day sausages were rated as having the 
best appearance and the blend and beef 
5-day sausages were rated as having the 
worst appearance mainly due to fat parti-
cle size. 
The blend 5-day and mutton + starter 
sausages had the best flavor and the beef 
and mutton 5-day sausages the worst. 
The mutton 5-day sausage had a strong 
mutton flavor, but the starter culture 
helped to reduce the mutton flavor in the 
mutton + starter sample. The beef 5-day 
sausage had a significantly different tex-
ture which was softer and mushier than 
the other sausages. Overall acceptability 
was highest for mutton + start.er and blend 
5-day sausages and lowest for beef 5-day 
sausage, but these differences were not 
significant. Flavor has the most effect on 
overall acceptability while appearance 
and texture have the same basic effect 
(Figure 5). Taste panel members only 
identified the muttori 5-day sample cor-
rectly as being mutton (p = .05) . Ten of 16 
panelists identified mutton + starter cor-
rectly, only 6 of 16 identified the blend as 
mutton and 4 of 16 panelists identified the 
beef 5-day sausage as mutton. The taste 
panel results indicate that beef fat can 
replace mutton fat to improve mutton 
acceptability and that starter cultures will 
reduce mutton flavor in all mutton 
sausage. 
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FIGURE 1. Dr. Darrell Bartholomew blends 
sausage sample in water for pH determination. 
FIGURE 2. Summer sausage samples shown 
are all mutton (left), mutton/ beef blend (mid-
dle), and all beef (right) that taste panelists 
rated. 
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FIGURE 3. LBS plate counts of indigenous 
lactic bacteria by meat formulation. 
FIGURE 4. Fermentation of summer sausages 
with natural microflora or starter cultures to an 
endpoint pH of 5.1. 
FIGURE 5. Interaction of flavor, appearance, 
and texture with overall acceptability. 
TABLE 2. Means of taste panel parameters for summer saulages. 
Overall 
Sample Appearance Flavor Texture Acceptability 
Mutton + Starter 7.3750 A* 6.1563 AB 7.1250 A 6.1875 A 
Mutton 5 day 6.9375 AB 4.5625 B 6.7500 A 5.2500 A 
Blend 5 day 5.6250 BC 6.3125 A 6.5625 A 6.1 875 A 
Beef 5 day 5.1875 C 4.6875 B 5.4375 B 4.875 A 
LSD 1.3569 1.60666 1.05145 1.37141 
'Means with the same letter are not significantly different. Each mean is an average of 16 responses. 
Conclusions 
1. Starter culture was useful in reducing 
fermentation time. 
2. Lower LBS plate counts were attained 
on all mutton samples which prolonged 
fermentation time for the mutton 5 day 
sample. 
3. Indigenous microflora can be culti-
vated successfully by adding 1.5 per-
cent NaCI and 120 ppm sodium nitrite 
to the meat and incubating the mixture 
in a closed container for 5 days. 
4. Starter cultures can reduce mutton fla-
vor in fermented sausage. 
5. Substituting beef fat for mutton fat and 
using mutton lean will produce a 
summer sausage that has no mutton 
off-flavor. 
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FIGURE 1. A theoretical-Iog-dose-response 
curve expected in most animal experiments. 
Generally a symmetrical sigmoid function is 
expected, the point shown as L050 is obtain-
able if lethality is the observed parameter at 
different dose levels. A precise estimate of 
L050 may need well over 100 animals per 
experiment 
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FIGURE 3. The effect of organophosphorus 
insecticide gardona (2-chloro-1-{2, 4, 5-
trichlorophenylJ vinyl dimethyl phosphate) on 
chick ganglia nerve cell culture. Solid circles 
indicate the effect on nerve cells, whereas the 
effect on nueroglial cells is indicated by open 
circles. The increasing score on ordinate indi-
cates that deviation from normal cultures, a 
score of 4 being the maximal inhibition of cell 
growth. 
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IN VITRO 
In order to predict the human health hazards or the economics of a 
potential chemical exposure, a modern 
day toxicologist relies largely on data 
derived from experimental evaluations 
that involve laboratory animals. (The 
alternative is to wait for the ill effects to 
become obvious in exposed people.) 
Typically, such laboratory investigations 
require large numbers of experimental 
animals on which tests are conducted. 
Commonly used laboratory animals are 
rats, mice, guinea pigs, hamsters, 
rabbits, and various species of livestock. 
To a limited extent cats, dogs, and 
monkeys are involved. Occasionally 
tests are conducted on human volun-
teers, although this practice is gradually 
diminishing. 
All of us, voluntarily or involuntarily, 
are in daily contact with a large number 
of chemicals. Pesticides and other 
chemicals are constantly introduced into 
our environment to provide a cheaper 
and better food or to eradicate pests. 
Mining and metallurgical processes can 
cause increases in exposure to various 
toxic metals. Similarly, the manufac-
tur ing and even the disposal of natural 
or synthetic consumer items also can 
yield health risks. Addit ional ly, break-
down products of the original chemicals 
may exist for a long time. Long-term 
chemicals can induce low-level ex-
posure to certain cumulat ive and 
irreve rsible effects (e.g. carcioogenic 
response). For toxicolog ists, th is can 
requ ire tedious and thorough test ing of 
the suspect chemicals. 
FIGURE 2. (a) A representative phase contract 
photomicrograph of 3-day old chick ganglia 
nerve cells, untreated (x3000). (b) the effect of 
methyl parathion (1 x Ur5 M) is illustrated on a 
similar culture. Note the degenerative effects 
and less numerous nerve fiber extensions and 
glial cells (x300). 
R. P. SHARMA and M. YONEYAMA 
OXICITY EVALUATION 
As demand for and costs of animals 
used in toxicological research soared 
(Rowan 1979), various scientists began 
looking for alternatives to experimental 
laboratory animals. Concern about 
animal welfare has produced legislations 
that require a rigid code for housing, 
care, and ultimate disposal of laboratory 
animals. In some tests such as an 
evaluation of LD50 (what dose of a 
chemical does it take to kill 50 percent 
of the treated animals in a given 
period?) hundreds of animals may be 
needed to provide a statistically precise 
estimate (see Figure 1). The LD50 value 
is often required to define the relative 
toxicity of a chemical and provides a 
guide for subsequent acute and chronic 
toxicity studies. The value also serves 
as a basis for those who must define 
safeguards to be used against the toxic 
hazards of a chemical. 
Animals are essential in toxicology 
research. Certain tests can only be 
conducted in live animals if meaningful 
data are to be obtained. Several so 
called "in vitro" (non-live-animal) tests 
have been developed, however, that are 
indicative of relative toxicity (and hence 
relative safety) of chemicals. These are 
particularly useful in investigating the 
biochemical or molecular mechanisms 
that underlie toxic effects of such 
chemicals. Investigators within the Utah 
State University Toxicology Program 
have been involved in developing and 
evaluating such methods. Some of the 
advantages, drawbacks and results of 
these tests are summarized in Table 1. 
In Vitro Techniques Using Tissue or 
Cell Cultures 
The use of organ, tissue, or cell cultures 
has been increasing in various 
biomedical research fields because: a 
uniform population of cells can be 
tested at various exposure levels, and 
cells derived from a single animal can 
be employed to complete the whole 
experiment. Also, some cells will survive 
in culture over long periods. These are 
often derived from either embryonic • 
(fetal) organs or from cancerous tissues 
(tumors). Such cultures not only can be 
kept alive for a long time but the cells 
will multiply and produce an infinite 
supply of material for investigative 
purposes. In many cases, the data 
gained from cultured cells can be ex-
trapolated from live organs or animals. 
The inherent dilemma encountered is 
relating laboratory animal health effects 
to humans. Table 2 lists some of the in 
vitro systems that are employed in 
research. 
A few' representative USU studies 
employing various agricultural and 
environmental chemicals are illustrated 
as follows. 
Chick Dorsal Root Ganglia for 
Evaluation of Neurotoxic Effects 
We have used the sympathetic dorsal 
root ganglia from chick embryos to 
evaluate the toxicity of variouS 
pesticides and heavy metals. This 
system provides a mixed-cell , nerve-
tissue culture system in which the ef-
fects of chemicals can be studied on 
both nerve fibers and neuroglial cells 
(Figure 2). The nerve fibers were 
evaluated for their number, length, and 
any abnormalities in appearance (such 
as nodal swelling). The glial cells were 
scored for their density, size, 
vacuolization, and general appearance 
such as spindle form shape or rounding 
(Watanabe and Sharma, 1975). The 
effects of the tested chemicals proved 
to be dose-related and followed a similar 
pattern as had been predicted for LD50 
type effects (Figure 3). 
An evaluation of 52 pesticides, in-
cluding organophosphorus compounds, 
carbamates, and miscellaneous in-
secticides, produced interesting results 
(Sharma and Obersteiner, 1981 a). 
Although the effects in our culture 
system were dose-related for all 
compounds, in the case of 
organophosphate insecticides, no 
prediction could be made from the 
cytotoxicity data as to their potential 
neurotoxicity as had been described in 
clinical observations. Neither the LD50 
nor the extent of cholinesterase 
inhibition (a well-known mechanism of 
the toxic effects of these insecticides) 
were related to the cytotoxicity 
parameters. In case of the 
organophosphate insecticides, the 
cytotoxicity measured in either neuronal 
cells or neuroglial cells was, however, 
related to the lipophilic nature of these 
chemicals. In the case of selected 
carbamate insecticides, the cytotoxicity 
index was correlated with 
cholinesterase inhibition and the lipid 
solubility of chemicals, but not with the 
potential to cause lethal effects in animals. 
In a different set of experiments, a 
number of metallic compounds 
(representing ionizable toxic metallic 
salts, their metallic oxides and 
organometallic counterparts) were 
evaluated in similar, chick sympathetic 
ganglia cultures (Sharma and Ober-
steiner, 1981 b). In general the oxides 
were less injurious to the culture 
system, perhaps due to their limited 
solubility in the system, which would 
give them a restricted bioavailability. No 
relationship was observed between the 
in vitro cytotoxicity and the in vivo toxic 
potential of these compounds. The 
nerve cell specificity of a number of 
metallic compounds that has been 
recorded in animals was not observed in 
a culture system. 
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in vitro systems 
appear to be an alternative 
to using live animals 
in toxicological research. 
Studies Using Bovine Kidney 
Cell Cultures 
We have continued some of the above 
studies, particularly those with metals, 
using bovine kidney cells in culture. 
Metals like mercury, cadmium or 
vanadium tend to accumulate in kidneys 
when live animals are exposed to 
dietary sources contaminated with these 
elements. Detailed studies in the culture 
system using such metals and 
established bovine kidney cells (MDBK 
cell line) indicated that the cytotoxicity 
can be somewhat dependent on the 
intracellular accumulation of metal ions, 
rather than on the exposure con-
centrations. Of several biochemical 
parameters tested, the inhibition of K +-
dependent phosphatase (a membrane-
bound enzyme) and the intracellular 
induction of glutathione were common 
effects of all the three metals. Typical 
morphological alterations were also 
produced as indicated in Figure 4. 
Recently we have studied the effects 
on a similar system of several 
mycotoxins (products of fungal con-
taminants) that are commonly found in 
foods. A comparison of effects on an 
established (MDBK) cell line to those 
seen with cultures of primary origin 
(bovine fetal kidney) revealed that the 
perpetuated (established line) cells are 
deficient in activating mechanisms. 
Toxicity of alfatoxin B1 was greater in 
primary cultures than in the MDBK cells. 
This chemical is known to be altered by 
cellular enzymes to its toxic 
metabolites, which bind to various cell 
organelles and produce the toxic effect. 
An illustration of mycotoxin-induced 
cytotoxicity in cultured cell line is 
represented in Figure 5. 
Models for Organogenesis 
In certain culture systems, cells 
aggregate and provide cell-cell in-
teractions that are representative of 
128 UTAH SCIENCE 
TABLE 1. Advantages and disadvantages of using animals vs. In vitro systems In toxl· 
cology evaluation. 
Advantages 
Intact animal 
Absorption, distribution, metabolism 
excretion of toxicant can be studied 
Acute and chronic effects of toxicants 
can be studied 
Behavioral, hormonal and immuno-
logical changes can be observed 
Disadvantages Very large numbers of living animals 
are often needed 
Possibility of inflicting pain on animals 
Time consuming and expensive 
TABLE 2. Various In vitro models used In research 
Systems Types of Assay 
Perfused organs Whole organs (liver, kidney, heart) are 
maintained in vitro for short periods 
Tissue slices Sliced or homogenized tissues are 
maintained in vitro for short periods 
In vitro system 
Specific target organs of tissues can 
be studied 
Studies of toxic mechanisms of 
chemicals on cellular and molecular 
level are possible 
Inexpensive and rapid 
General systemic effects of 
chemicals or their effects on tissues 
or functions cannot be maintained in 
vitro (e.g. effects on the brain, sight , 
hearing) and are difficult to deter-
mine 
The dose effective to humans is dif-
ficult to determine 
End Points Observed 
Absorption, distribution and 
metabolism of chemicals 
Metabolism of chemicals 
Enzymes and chemical inter-
actions 
Organs such as liver, kidney, pancreas, 02 consumption 
adrenal gland, spleen, heart, stomach 
Organ cultures 
epithelium, stomach smooth muscle, blad- Glucose uptake/release 
der, skin, lung and oviduct are maintained in 
a nutrient medium for 24 hrs or longer Pyruvate release 
Lactate release 
Nitrogenous excretion 
Cell proliferation 
Cell cultures Cells from various tissues are maintained in Cell morphology 
vitro in a nutrient medium for 24 hrs or 
longer Viability 
Proliferation 
tissue and organ formation 
(organogenesis). Such in vitro 
organogenesis models may prove to be 
valuable to predict the in vivo 
developmental defects (such as 
deformities in newborns) caused by 
chemical insults. We have recent ly 
investigated the validity of one such 
system that employs the aggregation of 
dissociated retinal cells (Figure 6). 
Individual, isolated, ch ick-embryo, 
retinal cells form histotypic aggregates 
in 24 hours. The toxicity of 
methylmercury and mercuric chloride 
(these chemicals cause potential birth 
defects involving nervous system and 
sensory organs) was investigated. The 
results correlated well with those 
reported on an in vivo basis. Klein-
schuster et ai. , (1983) reported that the 
protective effects of vitamin E and 
selenium on methylmercury toxicity in 
this cell aggregat ion model were similar 
to those reported in experimental 
animals. The production of enzyme 
glutamine synthetase is considered a 
unique characterist ic of the develop-
ment of the neural ret ina. Th is 
production was inhibited by chemicals 
that prevented aggregate formation by 
dissociated cells (Yoneyama et al. 1983). 
Summary 
Although the in vitro models employing 
cell or tissue cultures promise valuable 
alternates to the use of live animals in toxi-
cological research, caution must be exer-
cised in relating the in vitro data to the 
intact whole body system. Nevertheless, 
in vitro systems (such as those used at 
USU) provide an excellent opportunity to 
predict certain toxic responses and study 
the underlying biochemical mechanisms. 
Investigators at Utah State University are 
continuing to develop and evaluate such 
in vitro models as ways to assess the tox-
icity of various agricultural and environ-
mental chemicals. 
a 
b 
FIGURE 4. Effect of sodium orthovanadate on 
MDBK cells. (a) untreated cells (b) cells 
treated with 5 x 10""4 M Na3VO~ Phase con-
tract micrographs (x250). Note the spindle 
shaped morphology of treated cells. 
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FIGURE S. Effects of mycotoxins on MDBK 
cells. (a) untreated MDBK cells, stained by 
hematoxylin-eosin (xSO). (b) cultures similar to 
those in (a), but treated with citrinin (a fungal 
metabolite) at 1 x 104 M citrinin for 24 hours 
(xSO). (c) scanning electron micrograph of 
untreated cells (x3000), and (d) scanning elec-
tron micrograph of cells treated with 104 M 
citrinin for 24 hours (x 1S00). Note the lack of 
surface to surface contact and loss of cyto-
plasmic materials. 
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FIGURE 6. Phase contrast micrograph of (a) 
untreated embryonic chick retinal cell aggre-
gates (x 160). (b) aggregates treated with 
methylmercury at 10-0 M for 24 hours in rota-
tional cultures, (c) aggregates treated with 5 
x 10-0 M methylmercury in similar cultures. 
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